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INTRODUCTION 
The European corn borer, Ostrinia nubilalis (Hubner), 
has caused considerable damage to corn in the U. S. and 
Canada since its introduction in the early 1900's. Since 
this introduction many means of control have been employed 
but few have been as effective as insecticides. 
The results obtained from the use of these insecticides 
have given the farmer the edge in his fight against this 
pest. However, the possible deleterious effects of these 
insecticides on the farmers* friends, the arthropod predators, 
have lessened their benefits. With this in mind, a study was 
designed, to investigate the effects of a select group of 
insecticides in granular and spray formulations on potential 
arthropod predators in Central Iowa. 
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REVIEW OF LITERATURE 
General 
A review of the history, biology, and control methods of 
the European corn borer, Ostrinia nubilalis, is presented by 
Brindley and Dicke (1963). Therefore, the literature 
reviewed in this thesis will be confined to the history and 
biology of each major arthropod predator associated with the 
corn borer and with the effects of DDT, diazinon, EPM, and 
carbofuran on these predators. 
Predator History and Biology 
Orius insidiosus 
Orius insidiosus is a hemipterous insect of the family 
Anthocoridae. Barber (1936) in a study of 0^  insidiosus 
in Virginia noted that this small insect was the most impor­
tant natural enemy of the corn earworm, Heliothis zea. He 
also reported in a study published in 1926 the important 
predator-prey relationship of this species to the European 
corn borer in Massachusetts. Froeschner (1950) and 
McFarland (1963) have also observed this relationship. 
0. insidiosus is found across ir.ost of the U. S. and 
Southern Canada. It feeds on a variety of hosts including 
the eggs, immatures and adults of rcany arthropods. Some of 
the hosts which have been recorded in addition to the corn 
ean-zorm and the corn borer are leafhoppers; the Mexican 
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bean beetle, Spilachna varivestis; the fall armyworm, 
Spodoptera frugiperda; the larger corn stalkborer or 
southern cornstalk borer, Diatraea crambidoides; thrips; 
aphid-s; white flies; lacebugs; the chinch bug, Blissus 
leucooterus leucopterus; midges; the red spider mite, 
Tetranychus telarius; plus many others (Barber, 19 36). 
Garman and Jewett (1914) state that although O. 
insidiosus feeds mainly on insects it does feed to some 
extent on plant juices. This plant food relationship was 
also shown as early as 1835 by Webster when he observed all 
stages of 0_^  insidiosus swarming over the corn silks with no 
arthropod food supply visible. Malloch (1916) even noted 
that 0^  insidiosus would attack and feed on man. However, 
it has mainly been recorded as an arthropod predator 
associated with trees, shrubs, field crops, vegetables and 
many wild plants (Barber, 1936). The most extensive accounts 
of the habits of this species have been in its relation to 
insect pests on corn (Clausen, 1940). 
Barber (19 36) has provided an extensive account of the 
seasonal history of this species. In this account he 
reports that the 0^  insidiosus passes the winter as an adult 
in brush or debris and becomes active in March and April. He 
reports that at this time it is found associated with grasses, 
weeds, dandelions and other flowering plants. He does note 
however, that there is little reproduction occurring on these 
types of vegetation. 
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O. insidiosus first appears on corn when it is approxi­
mately 1 foot tall. Barber (1936) states that from this 
time until fall it will mainly be associated with corn and 
in most instances will breed on corn, feed on corn and hide 
on corn. As the growing season progresses it will seek areas 
where young tassels will develop to feed on arthropods, 
young leaf tissues and tassel buds. TVhen the silks develop, 
the adults seek the corn varieties with the most abundant 
silks to lay eggs and feed upon arthropods. The nymphs 
emerging from these silks feed upon them along with tender 
leaf tissues until half grown. At this time they leave these 
tender silks and leaf tissues to seek animal food on all 
parts of the plant. 
The adult 0_^  insidiosus breeds from May to September with 
peak populations usually occurring the first or second week 
in August (Barber, 1936). Population levels characteris­
tically increase rapidly during fair warm weather and 
decrease during storms which wash off and drown large numbers, 
especially nymphs. The remaining population in most 
instances will not attain the level of abundance found 
before bad weather. 
Barber (193 6) stated in his study of insidiosus that 
"it does not seem to be primarily the earworm eggs, or any 
other specific animal food, that most attracts insidiosus 
to corn" but, that "it is attracted, rather, because the 
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plant provides a desirable place for egg laying where plant 
food for the young nymph is abundantly available." It 
appears that adults and older nymphs accept whatever food 
is available and corn borer eggs, and eairv/oziti eggs and 
young larvae as well as other arthropods are probably 
accepted because they supply the desirable food, although 
these may not be the most sought after. 
IVhen attacking its prey, the 0^  insidiosus adults and 
nymphs extend their beaks forward and approach unperceived. 
They carefully ease the tips of their beaks through the 
exoskeleton of their prey, which soon succumbs with, little 
struggle, and sucks the juices of its host's body until 
it is satisfied. Shortly after feeding this predator may 
be seen walking away with its prey extended from its beak. 
When feeding on arthropod eggs it inserts the tip of the 
beak_through the chorion causing the shell to collapse as 
the contents are removed. Barber (1936) has noted that the 
greatest number of eggs are drained during the first 5 days 
of adult life. 
Adult insidiosus live from 20 to 70 days and have 
two or three generations per year (Barber, 1936). In the 
early summer there are usually two females to each male, 
while in the fall this ratio is reversed. After mating, 
the female places her subcylindrical eggs approximately 
0.47 mm long by 0.17 mm broad at right angles into tender 
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plant tissue. These eggs are generally never laid in 
groups of more than 12 since their large size limits their 
numbers in the female's abdomen. The eggs hatch in 2 to 4 
days depending on the weather according to Simpson and 
Burkhardt (19 60). 
The egg laying capacity of the Cu. insidiosus female is 
directly associated with the type of food consumed. Barber 
(1936) showed that the female would lay 114 eggs when only 
corn earworm eggs were available for food while it would 
only lay 38.8 with plant lice as its only food source. The 
eggs produced on the ean-zorm diet were laid every day over 
a period of several weeks averaging about 1.56 eggs per 
day. It was noted from this comparison that egg laying 
capacity decreased as the available host food became less 
desirable. 
Marshall (1930) recorded five nymphal instars with a 
total duration of 17 days. He noted that egg deposition 
to adult took 21 days and 17 hours. However, Simpson and 
Burkhardt (1960) found a 14.7 day period from egg to adult 
with this variation probably being due to regional dif­
ferences. Marshall also reported that the early instars 
were harder to find since they were usually hidden among 
the silks of the plant while some third-instars along- with 
the fourth- and fifth-instars were dispersed more openly 
about the plant. 
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The importance of 0^  insidiosus in the natural control 
of corn earworm, corn borer and other arthropods varies from 
year to year depending on its numbers and host availability. 
Barber (1936) reported that in Virginia 0_^  insidiosus 
destroyed 38.47 percent of the corn earworm eggs from 1924 
to 1927. Clausen (1940) reported that this insect destroyed 
eazrworm eggs at the rate of 14 to 54 percent over the 
growing season and that the percent of eggs destroyed 
varied according to the time of year as well as the 
location of the eggs on the plant and the supply of other 
available food. 
In laboratory studies conducted by Lingren et al. (1968) 
they found that adults of 0^  insidiosus could consume an 
average of 4.4 bollworm (earworm) larvae per day and 0.7 
bollworm egg per day. 0^  insidiosus were also shown to have 
an average daily consumption of 8.3 and 5.1 spotted alfalfa 
aphids/ Therioaphis maculata, by Simpson and Burkhardt (1960) 
and Nielson and Henderson (1959) respectively. McGregor and 
McDonough (1917) and Clausen (1940) reported in studies of 
mite consumption by 0_^  insidiosus that this insect consumed 
an average of 31 and 33 mites per day. 
Froeschner (1950) in studies conducted with O. 
insidiosus in association with the corn borer found that the 
small size of 0^  insidiosus limited its feeding capacity but 
this limitation was partially offset by the high numbers of 
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individuals present. Of the 51 individual arthropods 
observed feeding on egg masses in his study 29 were O. 
insidiosus. This showed that a high percentage of the 34.2 
percent egg masses showing prédation from several insects 
were probably caused by 0_^  insidiosus 
Coccinellids 
The three major coccinellids found in Iowa are 
Coleomegilla maculata, Hippodamia convergens and Hippodamia 
tredecimpunctata (Froeschner, 1950 and McFarland, 1963). 
These lady beetles belong to the Order Coleoptera, family 
Coccinellidae. Greiner (1925) states that "among the 
beneficial insects, the lady-beetles are entitled to first 
place." Everly (1938) also classified this group as the most 
important group of predators in the field. 
Coccinellids have been shown to feed on many varied 
arthropods. Hagen (19 60) reported in his study on biological 
control with lady beetles that most coccinellids feed on 
aphids and eggs of moths. Earned (1916) noted that these 
insects fed on plant lice as well as on the eggs of many 
other insects and stated that the larvae of coccinellids are 
"hungrier" than the adults. Plant lice was also reported 
and studied as the primary prey of the coccinellids H. 
convergens and tredecimpunctata by Knowlton (1933). 
Muma et al. (1961), Szumkowski (1952), Pimentel (1961), 
Warren and Tadic (1967), Froeschner (1950) and McFarland, 
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(19 63) reported lepidopterous eggs and/or larvae as primary 
food sources for coccinellids in different locals. These 
lepidopterans included such individuals as the pyralid 
'Diatraea lineolata; the imported cabbagev/orm, Pieris rapae; 
the diamondback moth, Plutella xylostella; the cabbage 
looper, Trichoplusia ni; the fall v/ebworm, Hyphantria 
cunea; and the European, corn borer. 
It is quite obvious that many other arthropods are 
preyed upon by coccinellids of which many benefical species 
are included. Hagen has even noted that when arthropod 
food is not available plant material may be substituted as 
a source of food. He reported that those coccinellids 
without arthropod food would feed on honeydew, floral 
nectar secretions and pollen. Observations made by Riley 
(1891) showed that Megilla maculata (Coleoroegilla maculata) 
will also feed on the soft kernels of corn as adults and 
larvae. 
The biology and life history of convergens given in 
Palmer's 1914 notes on the life history of this lady beetle 
is a good account for this species as well as for the other 
major species found in Iowa. The comparison of the life 
histories of maculata and convergens made by Simpson 
and Burkhardt (1960) shows this similarity. 
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The eggs of coccinillids are pale to deep amber yellow 
and are usually about 1.13 to 1.33 mm long and 0.49 to 0.55 
mm wide. These eggs hatch in 3 to 7 days with the 
resultant first-instar larvae showing mostly black colora­
tions except for a pale narrow border along the dorso­
lateral margins of the first abdominal segment. The newly 
hatched first-instar larvae are usually first found 
clustered around the empty egg shells (Hagen, 1960). Their 
first food is very often one of the unhatched eggs in the 
cluster from which they have just hatched. This first 
feeding allows the young to venture out twice as far as 
those that do not feed. 
Palmer (1914) observed that as the successive molts 
occur tlie larvae develop more yellow and orange colored 
light spots and stripes. He reports that the larvae pass 
through four instars which require from 10 to 28 days with 
the average being 14 days. The transition stage from 
larva to adult, the pupa, takes from 4 to 9 days. This 
stage is characterized by its brownish yellow markings with 
many black spots. Hagen (1960) notes that this developmental 
stage is usually found on the upper leaf surface with the 
head pointing down with the posterior portion of the abdomen 
attached to the leaf surface. After the 4 to 9 day pupal 
period the adult emerges and begins searching for food. The 
adult stage generally lasts from 3 to 4 months with usually 
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two to three generations per year (Palmer, 1914) .. The adults 
mate several days after emergence and will remate throughout 
their adult life. 
Hagen (1960) has reported that 200 to 500 medium size 
aphids must be eaten in order for the female to produce and 
lay the first eggs. If no aphids are present, according to 
Hagen, the adult will eat some other arthropod or migrate 
to another spot to search for food. The later summer and 
early fall generations will generally overwinter as adults 
and will reappear in the spring. In the study conducted in 
Ohio by Everly (1938) convergeas were most abundant the 
first week in July while H_^  tredecimpunctata were found in 
greater numbers in late July. 
During a coccinellid's lifetime it will consume from 
500 to 10 thousand aphids according to Outright (1923). 
Clausen (1915) reported that the convergens plus some 
other coccinellid species would consume 20.7 aphids per day 
as larvae and 56.1 per day as adults. convergens adults 
were recorded by Nielson and Henderson (1953) as consuming 
an approximate average of 97 spotted alfalfa aphids per day. 
Simpson and Eurkhardt (19 60) showed a daily average of 46.2 
and 89.4 spotted alfalfa aphids consumed by C_^  maculata and 
H. convergens respectively. 
McGregor and McDonough (1917), in a study of red spider 
mites on cotton, observed an average daily consumption of 
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87.4 mites by maculata. The total consumption.for this 
coccinellid was 2,011 spider mites. convergens and 
H. tredecimpunctata were reported by Knowlton (1933) to have 
consumed 44 and 46 potato psyllids, Paratrioza cockerelli, 
respectively in less than 12 hours. 
In a laboratory experiment conducted with a larva of C. 
maculata and. eggs of a pyralid D_^  lineolata, Szumkowski 
(1952) noted that 41 eggs were eaten by this coccinellid in 
a day. He also reported that maculata was capable of 
eating third- and fourth-instar larvae of this pyralid. 
Lingren et al. (1968) showed in the laboratory that.bollworm 
eggs were consumed by convergens at a rate of 51.8, 129.9 
and 61.7 per day by the adult male, adult female and larva 
respectively. He also reported that 106.6, 136.5 and 63.6 
first-instar bollworm larvae were consumed per day by the 
adult male, adult female and larva. 
With regard to the predator habits of coccinellids on 
corn borers. Barber (1926) reported that coccinellid larvae 
feeding on corn borer eggs were of minor importance in New 
England. However, Marston and Dibble (1930) reported in 
their investigations of the corn borer in Michigan that the 
sharp drop in corn borer numbers surviving through the 
season may have well been a result of the high populations 
of C_^  maculata in 1929. They observed this coccinellid 
feeding on the eggs of the corn borer freely. An 18.28 
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percent drop in the number of hatching third-generation corn 
borer egg masses in Virginia was attributed to the presence 
of lady beetles and larvae of the chrysopids (Jones et al., 
1939). Predators destroyed 17.8 percent of the eggs laid in 
Ohio in 1938 and 50 percent of these were attributed to 
coccinellids (Baker et al., 1949). Bradley (1952) reported 
that convergens were frequently observed removing large 
numbers of corn borer larvae and egg masses from corn plants. 
Froeschner (1950) observed only one coccinellid feeding on 
a corn borer egg mass in 1949. He did note, however, that the 
chewing mouthparts of this insect were ideal for corn borer 
prédation since it could walk up to the egg mass and chew off 
the entire group of eggs. 
Chrvsopa spp. 
Chrysopa carnea and Chrysopa oculata are the primary 
lacewings found associated with corn in Iowa (McFarland, 
1963). These insects belong to the Order Neuroptera, 
family Chrysopidae and are restricted almost exclusively to 
low vegetation (Putman, 1932). 
Smith (1922) reports that aphids are the most important 
food of this insect. However, he has also shown a strong 
predator-prey relationship of Chrysopa to scales, the eggs 
and larvae of lepidopterous insects, mites, spiders, mealy 
bugs and psyllids. Putman (1932) in his studies with the 
oriental fruit moth, Grapholitha molesta, added to this list 
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of hosts thrips, aleurodids and leafhoppers. Smith (1922) 
also reported that when little arthropod food could be found 
chrysopids were observed taking juice from succulent plants. 
Although aphids were reported to be the most important 
food of chrysopids, Putman (1932) observed that high numbers 
of chrysopids and very low numbers of aphids had little 
effect on numbers of chrysopids. Gurney and Hussey (1970) 
observed in their studies of biological control of aphids 
that chrysopid larvae are more efficient predators than 
coccinellids. 
Smith (1922) observed and described the biology and life 
history of the chrysopids. He reported that the adult 
female attaches her egg to the end of a hardened 2.5 to 8.6 • 
mm long gelatinous stalk during oviposition. This attached 
egg is characteristically elongate, elliptical and green in 
color with the size of the egg and the length of the stalk 
varying with the species. In some instances two eggs may be 
laid on the same stalk or two stalks may even be glued 
together in the shape of a "Y". Smith (1922) has shown that 
these stalks function as adequate escape mechanisms from egg 
prédation by newly hatched chrysopids as well as other 
predators. 
Chrysopid eggs are generally laid singularly or in 
irregular groups with hatching usually taking place about 5 
to 12 days after oviposition. Upon hatching, the first-instar 
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larva is about 2 mm long, has long setae on its back, and is 
gray in color. After resting on the egg for a few minutes 
to several hours it discovers the egg stalk and proceeds to 
walk down it. The larva immediately starts searching for 
food when it reaches the base of the egg stalk. If it has 
not found suitable food within 2 days it starves to death 
(Briand, 1931). 
The chrysopid larva molts three times with the last 
molt occurring within the cocoon (Smith, 1922). Before 
spinning the cocoon the third-instar larva devours a large 
number of hosts to supply sufficient food for metabplic 
changes. The actual spinning of the cocoon takes place 4 
to 10 days after the second molt and the final molt occurs 
5 to 15 days after spinning. In wintering forms the last 
molt occurs 4 to 8 months after spinning of the cocoon. 
The cocoon is usually located on the underside of a 
leaf or where the leaf margins are overturned. The cocoon 
is basically spherical and the size depends on the size of 
the larva. Twelve to 25 days are usually required from 
pupation to emergence (Smith, 1922) and upon emergence the 
adult leaves the cocoon through a circular lid opening held 
together by a few threads (Briand, 1931). 
The adult is characterized by being generally inactive 
during the afternoon with flights occurring during the 
morning and evening. Warm, still summer nights are ideal 
for peak activity with copulation taking place at this time 
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and oviposition occurring within a few hours to 6 days. There 
is one incidence of oviposition even occurring 40 days after 
copulation. Smith (1922) reports as many as 617 eggs laid 
by a single female during her adult life span while 
Outright (1923) reported as many as 500. Putman (1932) in 
his studies with carnea and oculata reported that these 
two chrysopids laid between 69 and 250 eggs in their life­
times. 
A chrysopid generally lives from 3 weeks to 81 days with 
the number of generations per year depending on the area 
where this insect is found. Smith (1922) reported three 
generations per year for C_^  oculata in New York while he 
found four generations in Virginia. It appears that there 
are three generations in Iowa per year, but this is hard to 
distinguish in the field because of overlapping generations. 
VThen feeding, both the larva and adult insert their 
extended mouth parts into the host. The juice from the host 
is sucked up a tube formed by the mandibles and maxillae. 
According to Smith (1922) there is no evidence of fluids 
being injected into the host to help digest the host 
material. Smith reports that Chrysopid larvae from hatching 
to pupation may suck up the body fluids of from 90 to 250 
aphids depending upon their size. Outright (1923) found that 
chrysopid adults sucked the juice from 30 to 50 aphids per 
day while Simpson and Burkhardt (1960) showed that the larvae 
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had an average daily consumption of 33.6 spotted alfalfa 
aphids. 
When the oriental peach moth was evaluated as a prey of 
chrysopids, Briand (1931) found an average of 616.5 peach 
moth eggs consumed per larva. lie also found that 8.3 full 
grown peach moth larvae were consumed by each chrysopid larva 
in completing that portion of its life cycle. Putman 
recorded an average consumption of 511 peach moth eggs by 
each chrysopid larva in tests conducted in 1932. He also 
noted that a smaller number of eggs would bring them to 
maturity. Lingren et al. (19 68) reported that each 
chrysopid larva in their study consumed an average of 42.7 
eggs and 48.8 first-instar larvae of the bollworm per day. 
Paillot (1929) revealed that Chrysopa vulgaris would 
attack corn borer larvae in their tunnels and inbibe the 
contents of the larva's body. He noted that some had 
trouble piercing the cuticle of the latter instar of the 
corn borer thus permitting the larva in many instances to 
escape by throwing off the attacker. However, he made it 
quite apparent that this chrysopid was an efficient predator 
of corn borer eggs and young larvae. 
In a U. S. Department of Agriculture Bulletin (1962) 
the predator-prey relationship of chrysopids to the corn 
borer egg masses and young larvae was noted. Froeschner 
(1950) also reported the predator-prey relationship of 
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chrysopids to the corn borer and stated that although they 
were outnumbered by most predators they more than made up 
for this in their large size and greater feeding capacity. 
He observed 16 individuals feeding upon egg masses in a 
study conducted in 1949. He reported that the last two 
larval instars were unable to eat a large mass while the 
third-instars would finish one large mass and start 
another. Jones et al. (1939) reported that lady beetle 
adults and larvae and larvae of chrysopids in Virginia 
reduced the corn borer egg mass population by 1.88 percent in 
the second-generation corn borer and 18.28 percent in the 
third-generation. 
Nabis spp. 
Three Nabis spp. are found in Iowa. These include 
Nabis roseipennis/ Nabis ferus and Nabis alternatus. These 
nabids belong to the Order Hemiptera, family Nabidae and 
were reported by Osborn and Drake (1922) to feed entirely . 
upon grass and herb-inhabiting insects. 
Taylor (1949) has revealed the basic life history of 
nabids through his study of ^  alternatus. In this study, 
conducted in a Utah alfalfa field, he observed caged pairs 
mating frequently. He noted that approximately 5 days after 
copulation oviposition began. The eggs were deposited one 
at a time with four to six being placed in a rov7 in the 
plant tissue. The females that were caged laid from 90 to 
19 
200 eggs each with the average being 127 per female. , 
The egg laying period averaged 20 days and was terminated 
when the female died. Incubation of the eggs in the plant 
tissue required 9 days at a temperature range of 67 to 88 deg. 
F. From this study Taylor concluded that no real damage 
resulted from the deposition of the nabid eggs in the plant. 
At the time of hatching, the nymphs forced their way 
out of the egg capsule and started searching for food. This 
particular species was reared on varied alfalfa pests showing 
a wide variety of hosts during all five larval instars. This 
varied choice of hosts enhanced their value as a predator of 
a number of insect pests. The first, second, third, fourth 
and fifth nymphal instars took 2.6 to 3.6, 2.5 to 4.5, 2.8 
to 6.6, 2.8 to 9.4 and 5.5 to 8.7 days, respectively, to 
complete each respective instar in ^  alternatus. Simpson 
and Burkhardt (1960) showed in studies with ^  ferus that 
its five larval instars required 2 to 5, 2 to 3, 2 to 5, 
2 to 12 and 6 to 7 days per instar when raised entirely on 
the spotted alfalfa aphid in Kansas. 
The period from oviposition to hatching was nearly 
identical for both species when the results from Taylor's 
(1949) study were compared with those from Simpson and 
Burkhardt (1960) and Garman and Jewett (1914). N. 
alternatus was shown by Taylor to have three generations 
under laboratory conditions and he hypothesized that this 
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was probably true under field conditions also. 
Arnold (1971) conducted a study on the feeding behavior 
of Nabis. He stated that "Nabis is a timid predator, yet in 
this instance was often able to attack larvae successfully 
despite their vigorous defensive actions." However, violent 
movements of the host larva did cause retractions of the 
nabid's appendages but these violent movements sometimes 
subsided long enough for insertion of the proboscis into the 
larva. This was characteristically followed by quick inacti-
vation of the lairva and subsequent feeding. 
In the life history study of ^  alternatus Taylor (1949) 
found that it took 80 pea aphids, Acyrthosiphon pisum, per 
nabid nymph for 36 percent of the nymphs to mature in 16 to 
30 days. T^ Then the nymphs were fed lygus bug nymphs and 
adults it took 29 for 18 percent to mature in 17 to 25 days. 
Only three nymphs matured in 24 to 27 days after being fed 
thrips. Howeverr Taylor did note that large numbers of 
thrips were consumed. 
In tests with the adult ^  ferus conducted by Nielson 
and Henderson (1959) this nabid was shown to consume a little 
over 22 spotted alfalfa aphids per day. Simpson and 
Burkhardt (1960) reported an average daily consumption of 
only 15.5 spotted alfalfa aphids by nabid adults and nymphs in 
a study conducted in Kansas. They also found that the adult 
of N. ferus would consume an average of 18.5 large spotted 
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alfalfa aphids over a 31-day period. 
In st'uclies of egg and larva predators of the bollworin, 
Lingren et al. (1968) found that ^  alternatus adult males 
would devour 22.3 eggs and adult females 3 6.7 eggs per day 
over a 35-day period. They also found that alternatus 
adult males and females would consume 35.4 and 45.0 bollworm 
first-instar larvae respectively over a 35 predator day period. 
McFarland (1963) rarely found nabids in his samples of insect 
actually feeding on the corn borer. However, Reed (1971) did 
observe and photograph a nabid feeding on a corn borer egg 
mass. 
Glischrochilus guadrisignatus 
The four-spotted, fungus beetle, Glischrochilus guadri­
signatus belongs to the family Nitidulidae in the Order 
Coleoptera. This insect has been reported by several authors 
as producing a reductive effect on the corn borer. McFarland 
(1963) states in his study of predators on corn that "it is 
questionable whether this relationship may be properly desig­
nated as predatory, since the normal food of this nitidulid 
is fungi, which grow in corn borer larval tunnels." However, 
Everly (1938) reports that he observed a fungus beetle feeding 
on a corn borer larva in a borer tunnel. 
McCoy and Brindley (19 61) reported 17 percent reduction 
of corn borer larvae reaching the third-instar as a result of 
this fungus beetle. This observation was attributed to 
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injury resulting from overcrowding in the tunnels. They did 
note however, that the fungus beetle did attack weakened 
larvae. The following quote from McCoy and Brindley (1961) 
along with the other information (McFarland, 1963) shows 
that this insect is at least an incidental predator of the 
corn borer. McCoy and Brindley noted that "Adult 
emergence of the first generation coincides very closely 
with the beginning of stalk invasion by larvae of the first 
generation of the corn borer. In 1951 beetles appeared in 
great numbers in infested corn fields. It is unknown 
whether the frass produced by feeding borers on corn pollen 
is the attractant which brings beetles to corn fields. They 
feed avidly on both substances. In any case it is evident 
that the invasion of the corn belt by the corn borer has 
provided increased amounts of food suitable for both the 
adults and larvae of this fungus beetle. The westward move­
ment of the borer through the corn belt has been attended by 
prodigious population of fungus beetles." 
They also stated that the "corn borer larvae had 
completed the first instar and many were through the second 
instar before beetles appeared on the corn. Some slight 
effect upon very late second-instar larvae might have 
occurred. The maximum reductive effect of the beetles was 
sustained by the third- and fourth-instar larvae and there 
was some reduction to fifth-instar larvae. Population 
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estimates showed 959 less third-instar borers than seconds 
and 3,485 less fourth-instar larvae than thirds in the sample 
area. An estimated 9 84 of these dead larvae had been 
partially devoured by beetles. The estimated reduction of 
fifth-instar larvae from the fourth stage was 1/088,777 of 
which had been fed upon. An estimated 364 fifth-instar 
larvae were partially devoured. The total estimated 
reduction in the com borer population during the period of 
July 12 to July 25 (the period when beetles were in the 
field) was 3905 forms, 1,860 of which had been fed upon by 
the beetles." 
A closely related species, Glischrochilus fasciatus, 
has been reported by Ruber et al. (1928) to be a predator 
of the com borer. They report that this fungus beetle 
possibly attacks the com borer larva but kills only 
small numbers. 
Forbes (1892) provides one of the few accounts in the 
U. S. of the life history and biology of nitidulids. His 
account is scanty, but it gives some pertinent information 
on this insect. He reports that this insect probably has 
two generations per year and the adults may be found from 
November through March overwintering in debris in Illinois. 
This insect is common, from April to the middle of Jime and 
in the middle of July it once again becomes abundant and 
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continues to be carcmon the rest of the year. Forbes 
frequently observed the adult nitidulid following the corn 
worm and other burrowing larvae into corn and other 
vegetables. He notes that they were probably attracted 
there to breed and feed in the exuding sap and arthropod• 
excretment. The larva produced in this environment enters 
the earth to pupate and has been known to attack seed corn 
at this time. The larva is 5 to 6 mm long, lass than 2 mm 
wide, brownish in color and covered with dense grayish 
pubescence on parts of its body. The pupa is 5 mm long, 2.2 
mm wide and tapers posteriorly. Adult nitidulids are shiny 
black with 4 yellow-orange spots on the elytra and average 
about 5 to 6 mm in length. 
Araneae 
The Araneae, spiders, belong to the class Arachnida, a 
major division of the Arthropods. Spiders are noted as 
being one of our most beneficial arthropods. However, Specht 
and Dondale (19 60) state that "we cannot generalize on the 
influence of spiders on pest populations; except to state that 
they feed mainly on any suitable prey that is present in 
abundance, irrespective of whether the prey is a plant-
feeder or another predator. The fact that they sometimes 
feed on beneficial organisms has been considered by some 
workers to reduce their value to man as controlling agents. 
On the other hand, this property may be an asset by which 
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they are enabled to survive periods of low pest density." 
Many researchers in the U. S. have recognized the 
importance of spiders in the biological control scheme of 
cotton worms; gipsy moths, Porthetria dispar; pea aphids, 
Acyrthosiphon pisum; plus many others (Gertsch, 1949). 
Gertsch states that they are especially good predators in 
such a prepared environment as one finds in a cotton or corn 
field. In a cultivated area he notes many kinds of insects 
are found and the economic pests seem to be very concentrated. 
This situation is ideal for spiders and they quickly move 
into these areas and destroy a substantial portion of the 
larvae and adults of the pest species. 
To determine whether a spider will feed upon a parti­
cular insect one must consider the hardness of the cuticle, 
the size and the quickness of the prey (Howell and Pienkowski, 
1971). Upon examination of their prey one finds that it 
consists largely of pestiferous insects and Pimentel (1961) 
found that caterpillars were among the most suitable for 
spider prédation. 
The major families of spiders found in a Central Iowa 
corn field were Tetragnathidae, Oonopidae and Salticidae. 
The Tetragnathidae are known as the aerial web spinners and 
use the silk spun from their bodies as a trap for various 
arthropods. These web builders according to Bilsing (1920) 
have gained supremacy in numbers over the nonweb building 
species. This particular family belongs to a group of 
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aerial web spinners referred to as the "orb weavers." 
These orb weavers produce two-dimensional sticky snares 
which are "unrivaled masterpieces" according to Gertsch 
(1949). These snares provide this spider with a constant 
food supply both day and night which includes an 
abundance of flying insects. 
The web of this orb weaver consists of various shaped 
foundation lines with cross lines passing through the center 
of the orb. After the last line has been placed through the 
center, the center point is strengthened by a series of lines 
referred to as the "hub." Around this hub are placed 
several spiral turns and from this the "scaffolding spiral" 
is laid do;fn from the hub to the extreme edge of the web. 
After reaching the margins the orb weaver then proceeds to 
spin viscid spirals knit closely together from the margins 
to the hub. 
When completed, the tetragnathid rests on the hub and 
waits for a vibration in the line which could signal the 
entanglement of an insect or other arthropod. %hen an 
insect is captured, it is enwrapped in silk and carried back 
to the hub where its body juices are sucked up by powerful 
muscles. These web builders according to Bilsing (1920) are 
able to eat great quantities of food in a short time. The 
Tetragnathidae are characterized by having an elongate body 
with long legs and chelicerae (pincerlike first pair of 
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appendages). Most of the tetragnathids live in grassy areas 
both close to water and in dry areas. 
The other two major families of spiders found in the 
Central Iowa corn field were hunting spiders. These spiders 
according to Gertsch (1949) rely very little on silk for 
their subsistence. They spend much of their life in the 
field and run upright on the soil and vegetation. The 
family Salticidae includes the jumping spiders which are 
considered to be the specialists in stalking and attacking 
insects. They do this with the accuracy and alertness not 
possible for most nearsighted creatures. The jumping spider 
usually hunts during the day and is able to see its prey 
further away than most spiders (Gertsch, 1949). When a 
likely host appears this spider walks slowly forward and 
suddenly leaps upon its prey from the rear and sinks its 
powerful chelicera into its victim, resulting in almost 
instant death (Bilsing, 1920) . Whitconib et al. (1963) report 
observations of this species feeding in this manner on 
Heliothis sp. 
These jumping spiders are usually small with short 
robust bodies and short legs. Their eyes are distinguished 
as having three rows with the front row of eyes greatly 
enlarged. They are noted for their spun retreats in crevices, 
on the ground and in most instances on foliage and plants. 
They use these retreats for many of the life processes to 
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take place and may be found in these protected areas at night 
(Gertsch, 1949). 
The other major family Oonopidae are believed to be the 
direct ancestor of the spider frora which the hunting spiders 
and aerial v;eb spinners arose. These spiders are small and 
must compete with larger spiders for food on the ground and 
in vegetation. However, a few spin webs but most do not 
rely on this method of capturing prey. They are noted as 
being night feeders because of their limited vision and when 
disturbed will jump and run off rapidly. 
The life history of spiders is very similar to insects 
according to Gertsch (1949). He notes that the female 
spider lays her eggs in a mass covered by silk from her 
spinnerets. These eggs vary in number according to the size, 
of the female. Most spiders the size of small oonopids and 
salticids lay only a few eggs per sac while the tetragnathids 
will lay 50 to 100 eggs per sac. 
The young of spiders are called spiderlings and will 
undergo several molts during their lifetime. Oonopids and 
salticids generally undergo four or five molts while 
tetragnathids will molt seven or eight times before reaching 
adulthood. Like most insects, spiders refuse to feed before 
molting and this abstention from eating may last from' 
several hours to weeks. 
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Adults can be found nearly any time of the year and 
these yearly populations are generally divided up into 
spring and fall generations with overlaps of the two being 
very common. The males of the spring form die very early 
after copulation. The females however, may live far into 
the year and may continue to lay eggs fertilized from sperm 
stored in their spermathecaes. Juveniles of the spring group 
form the fall adults and their offspring will provide the 
adults for the next year's generation (Gertsch, 1949). 
Insecticide Effect On Arthropod Predators 
DDT 
More information is available on the effects of DDT on 
arthropod predators than for any other chemical. This infor­
mation has been obtained with a wide range of arthropod 
predators which include the major ones found in Iowa. 
Orius insidiosus Some of the first results with the 
effects of DDT on 0_^  insidiosus were recorded by Hill (1945) . 
He found that both a 3 percent dust and a 4 pound spray 
formulation of DDT significantly reduced the insidiosus 
adult and nymph populations when evaluated shortly after 
application. Campbell and Hutchins (1952) noted in their 
study on the effects of insecticides on some predaceous 
insects on cotton that a multiple application of DDT as a 0.5 
pound spray formulation applied the last of June and the first 
of July reduced the 0^  insidiosus population in 100 collecting 
net sweeps from nine before treatment to one 48 hours after 
treatment. ivhen a multiple application of a 1 pound DDT 
spray formulation was applied in August no real differences 
in before and after treatment numbers of 0_^  insidiosus were 
noted. 
In another study on the effects of insecticides on 
predators in cotton Bosch et al. (1956) found that a 1.35 
pound spray formulation of DDT had little effect on 0^  insi­
diosus adults. They did find that the nymphs were reduced 
considerably 3 days after application. However, 8 days after 
application little differences were noted showing quick 
recovery. Also in this study Bosch et al. found that a 1.75 
pound DDT dunb formulation, applied by airplane, reduced the 
O. insidiosus adult population approximately 11 times when 
sampled 6 days after treatment. The nymph population 
decreased three times 6 days after treatment but increased to 
29 times 13 days after DDT dust application. 
Carlson (IS56) in a study of lygus bug injury and 
control in California found that with Orius only 13.7 percent 
mortality resulted from one application of a 5 percent DDT 
dust. When comparing the effects of a 1.5 pound DDT spray on 
Orius spp, in Utah Goodarzy and Davis (1958) found that before 
insecticidal treatinent an average of 35.0 Orius could be 
found in 10 ..^ v.-eep ;vet samples while 12.0, 21.0 and 21.0 were 
found 3, 7 .r.'id 12 days after treatment. He surmised that 
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Orius spp. showed quick recovery after fairly high initial• 
knockdown. Stern et al. (1959) also showed substantial 
reduction of Orius spp. shortly after application of a 1.3 
pound DDT spray formulation and fairly good recovery after 
9 days. Ripper (1956) however, in his chart on the 
influences of pesticides on predaceous arthropods reported 
that DDT applications result in complete elimination of 
Orius. Most of the literature seems to dispel this complete 
elimination theory. 
In another study performed by Carlson (1959) on the 
effect of insecticides on lygus bugs, predators and pollina­
tors he found that a multiple application of both a 1 pound 
spray and 10 percent dust formulation of DDT reduced the 
Orius species tristicolor significantly. However, a 10 
percent dust formulation applied by aircraft apparently had 
no effect. 
In laboratory studies on the toxicity of several insec­
ticides to 0_^  insidiosus Burke (1959) found that DDT as a 
emulsifiable concentrate was less toxic to Orius than several 
chlorinated hydrocarbons and organic phosphates. Harrison 
(1960) noted in his study on the effect of a 1 pound DDT 
spray formulation on the egg predator complex of the corn 
eanvonn. Heliothis zea that more eggs were attacked by 0. 
insidiosus before treatment at various planting dates than 
after treatment. This information according to his findings 
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showed that the reduction of this predator was due to the 
presence of DDT. 
In a 1960 publication Carlson reported that a 1 pound 
spray formulation of DDT only reduced the Orius tristicolor 
population by 11 percent while a 10 percent dust fonaulation 
applied by airplane resulted in over 50 percent Orius mor­
tality. ï'Jhen DDT and parathion were used together as a 2.0 
+ 0.5 pound spray formulation and applied by airplane the 
numbers of Orius spp. were reduced significantly 3 days after 
application but showed full recovery after 10 days (Shorey 
et al., 1962). This recovery seems to be very typical of 
this predator. 
Coccinellids Coccinellids or lady beetles were 
evaluated as to their susceptibility to DDT by Hill (1945) 
in the early 1940's. He found that a 3 percent DDT dust 
formulation and a 4 pound DDT spray formulation significantly 
reduced the coccinellid population. Yothers and Carlson 
(1948) reported in their study of the effects of DDT on the 
green peach aphid, Myzus persicae, and coccinellid predators 
that a 1 pound spray formulation of DDT either repelled or 
destroyed the coccinellids. They based their assumption on 
low numbers of lady beetle eggs, 3 to 5 per group, in DDT 
treated plots while the other plots contained high numbers, 
10 to 15 per group. 
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Way (1949), reported from other workers' observations 
that DDT as a 5 percent dust and as a 0.2 percent spray would 
destroy coccinellids. Campbell and Hutchins (1952) also 
found this to be true in field tests conducted in Mississippi 
in 1951 for Hippodamia convergens and Coleomegilla maculàta. 
They found both species reduced considerably by a multiple 
application of DDT as a 0.5 pound spray when the plots were 
treated in June and July. However, they found convergens 
population levels too low in fields treated in August to 
shows significant reductions. Harries and Valcarce (1955) 
observed a significant reduction of maculata in caged 
sugarbeets treated with a 5 percent DDT dust when compared to 
those not treated. However, no significant differences were 
obtained between convergens in treated and untreated cages. 
T-Jhen DDT was applied as a 1.35 pound spray formulation 
in California in cotton and alfalfa Bosch et al. (1956) found 
that Hippodamia sp. was reduced initially but had recovered 
by the 16th day after treatment. As a 1.75 pound dust formu­
lation they found greater numbers of the Hippodamia sp. 
larvae were destroyed than adults. In field tests also 
conducted in alfalfa in California Stern et al. (1959) found 
that a 1.3 pound spray formulation of DDT significantly 
reduced the ^  convergens population. This situation held 
true for samples taken 9 days after DDT treatment. In 
contrast Shorey (1963) showed that a 2.04 pound DDT spray 
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formulation significantly reduced the Hippodamia larval 
population 1 day after application but no significant dif­
ferences were noted after 5 days. 
Ripper (1956) reported from work done by other authors 
that DDT resulted in from 50 to 95 percent mortality of 
C. inaculata while convergens was reduced from 5 to 49 
percent. Goodarzy and Davis (1958) noted that a 1.5 pound 
spray formulation of DDT resulted in an average of 7.0, 10.0 
and 13.0 coccinellids per 10 sweeps for 3, 7 and 12 days 
after treatment as compared to 12.1 coccinellids before 
treatment. By the 7th-day sample the average numbers of 
coccinellids in the treated plots, 10.0, were almost equal 
to the numbers in the check plot, 11.6. 
In laboratory tests on the contact toxicity of some 
pesticide residue to coccinellids Bartlett (1963) found that 
a 1 pound spray formulation of DDT had high persistence but 
was low in toxicity. Results showed that it took more than 
10 0 hours for this chemical to kill 50 percent of the 
population of ^  convergens. For C_^  maculata Atallah and 
Nev/som (1966) found in laboratory tests that when treated 
with 10, 20, 40 and 60 yg of DDT per adult beetle that the 
majority were killed within the first 2 days after applica­
tion with nearly half of these resulting from the 60 iig 
application. 
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Bartlett (1966) showed in later studies that DDT as a 
50 percent wettable powder had an LD50 that took more than 
4 days on two coccinellid species thus showing its fairly low 
toxicity. He also reported in 1968 that DDT as a 1 pound 
spray was fairly nontoxic to convergens in California. 
Gratwick (1964) in laboratory studies with several predators 
found DDT to be less toxic to coccinellids than most organo-
phosphates and carbamates. Burke (1959) also found this to 
be true when several chemicals were evaluated as to their 
effects on ^  convergens. 
Chrysopa spp. DDT as a dust and a spray formulation 
was shown by Hill (1945) to have little effect on lacewings 
in Nebraska. In this study only a small number of chrysopids 
were found in the eight row 150 foot plots. However, in a 
study conducted by DeBach and Bartlett (1951) on the effects 
of insecticides on biological control of insect pests of 
citrus they found one application of DDT decreased the Chrysopa 
populations 48 percent. When three applications of DDT were 
made this reduction increased to 77 percent. Campbell and 
Hutchins (1952) like Hill only found small numbers of 
chrysopids. They did find, however, that no chrysopids were 
present 48 hours after treatment whereas there were a few 
present before the 0.5 pound of DDT spray was applied. 
In studies on the toxicity of widely used insecticides to 
beneficial insects in California cotton and alfalfa fields 
a 1.36 pound spray formulation of DDT lowered the Chrysopa 
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population only negligibly (Bosch et al., 1956). Vîhen DDT . 
was applied as a 1.75 pound per acre dust by airplane the 
Chrysopa population was not affected. Only slight 
reductions were noted by Putman (1956) in a 3 year study of 
the susceptibility of two species of Chrysopa. In fact, his 
field tests in 1954 revealed higher population levels of 
Chrysopa in the DDT plots than in the untreated plots. 
Ripper (1956) in his chart on the effect of particular 
insecticides on different predators reported complete 
elimination of Chrysopa with DDT. However, other studies 
showed only slight initial elimination with complete recovery 
between 7 and 12 days after DDT treatment (Goodarzy and 
Davis, 1958). Stern et al. (1959) found, when evaluating 
the adults and larvae separately, that 9 days after a 1.3 
pound spray formulation of DDT was applied the larvae had 
recovered but the adults had not. Bartlett (1964) even 
further substantiated the differences in effect on larvae 
and adults by showing no kill to low toxicity to Chrysopa 
carnea larvae as compared to high toxicity to the adults with 
1 pound actual DDT per acre. He reported this again to be 
true in a 1968 publication on twospotted spidermites 
(Tetranychus urticae) and cotton aphids (Aphis gossypii). 
Harrison (19 60) also found this to be true for Chrysopa 
oculata larvae in his 1959 study of the effects of DDT on the 
com earworm egg predator complex. 
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In studies of spray programs on fauna of apple 
orchards in Nova Scotia, Lord (1962) found that small plots 
with an abundance of wild plants around them favored 
reestablishment of most predators. This ability to 
reestablish was not noted for chrysopids in their study 
because of the low initial population. 
Nabis spp. Nabid adults and nymphs were reduced 
significantly by DDT according to Hill (1945). His studies 
showed that both a 3 percent DDT dust formulation and a 1 
pound spray formulation of DDT were almost equal in their 
effect on this predator. With Nabis ferus, Campbell and 
Hutchins (1952) also showed substantial reductions when two 
applications of a 1 pound spray were made on cotton. However, 
Michelbacher (IS54) noted that the amount of DDT required to 
control lygus bugs had little effect on this species. In 
contrast to Michelbacher's work Carlson (1956) found that the 
multiple applications needed to control the lygus bug on 
carrots in California reduced the Nabis population consid­
erably with only slight recovery. 
When DDT was applied as 1.35 pound spray formulation on 
cotton in California adult nabids were reduced considerably 
by the 16th day after treatment (Bosch et al., 1956). 
Goodarzy and Davis (1958) found similar results but in their 
study the Nabis spp. had recovered by the 12th day after a 1.5 
pound spray treatment. Only slight recovery was noted by 
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Stern et al. (19 59) on the 9th day after DDT spray treatment 
in their study of the effects of insecticides on entomophagous 
insects. 
Glischrochilus guadrisicrnatus No information was 
found concerning the effects of DDT on this coleopteran 
species. 
Araneae Hoffman et al. (1949) noted that web-building 
spiders were probably eliminated from DDT plots. He 
attributed this to the placement of the web in the open fully 
exposed to sprays. Those spiders that did survive he noted 
probably had little contact with the spray. Hoffman also noted 
in a joint study with Linduska (1949) that web spiders were 
killed in larger numbers than those in protected places. 
They also reported that spraying 5 pounds or more DDT per 
acre resulted in 90 percent terrestrial arthropod kill. These 
arthropods were able to recover somewhat but not enough to 
keep up with the resulting DDT caused aphid outbreaks. 
Lord (1962) in apple orchard studies found that after 
DDT treatments were discontinued the total predator popula­
tion increased. Spiders were one of the major arthropods in 
this study that showed an increase. He also noted from this 
study that reestablishment was especially favored by small 
plots and the presence of wild plants surrounding the 
treated area. In a 19 64 publication by Pfrimmer he reported 
that 21 applications of DDT at 1 pound per acre between May 
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and August reduced the spider population significantly in 
cotton. However, 15 applications between Hay and August 
showed no significant difference between the DDT treated 
plots and those of che check. 
When DDT was applied from 1 to 2 pounds per acre three 
times per year over a 4 year period spiders were shov/n to be 
reduced considerably. This reduction was determined by 
weekly population density counts over the tested period 
(Kerne and Putman, 1965). 
Dempster (19 67) in a study of the effects of DDT applica­
tions against Pieris rapae on crop fauna found that spiders 
were sensitive to DDT spray, but due to their great mobility 
they were able to recolonize each year when the DDT residue 
in the soil was diluted by cultivation. He did note, however, 
that continued use of DDT retarded each successive year's 
buildup . 
Diazinon 
Fewer results have been published on the action of this 
organophosphate on predators than have been collected for 
DDT. However, from those that have been published one can 
note some definite toxic effects on some predators. 
Orius insidiosus Although the author was unable to 
find any information on the effects of this chemical on 
0. insidiosus he was able to find some on the order and family 
to which this insect belongs. 
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Hemipterous insects were shown by Bartlett (1965) to 
be highly affected by diazinon in a summary of the effects 
of certain insecticides on predators. From this summary/ 
it was noted that this chemical had moderate to high toxic 
persistence following application. In another report MacPhee 
and Sanford (1961) found that an anthocorid related to 
0. insidiosus was reduced considerably by a 2.0 pounds per 
acre treatment of diazinon. 
Coccinellids Harries and Valcarce (1955) in 
laboratory tests indicated that a 4 percent diazinon dust 
resulted in 66 and 100 percent mortality of ^  convergens and 
C. maculata respectively on sugarbeets. The adult beetles 
were placed 10 per caged plant and held on the treated and 
untreated plants for 24 hours. The rate of mortality was 
recorded after this period. When diazinon was placed on 
cantaloupes for melon aphid, Aphis gossypii, control at a rate 
of 0.75 pound actual per acre no convergens were found for 
7 days after treatment. They did recover somewhat after this 
period (Harding, 1961). 
In a study of the toxicity of insecticides to the 
cabbage aphid, Brevicoryne brassicae, Shorey (1963) found 
that there was a significant reduction of Hippodamia larvae 
up to 6 days after application of a 0.51 pound actual spray. 
The reductive effect of diazinon increased nearly three times 
6 days after the first application when compared to that found 
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after the first day. Bartlett (1963) substantiated the 
findings of Shorey by showing that 0.50 pound per acre 
actual of diazinon showed moderate persistence and took more 
than 24 hours to kill 50 percent of the population. 
Bartlett (19 68) found in a study partially devoted to 
the toxicity of insecticides to major California natural 
enemies of mites and aphids that diazinon was highly toxic 
to ^  convergens adults at 0.50 pound rate. In a similar 
study conducted on greenbugs, Schizaphis graminum, in Texas 
by Ward et al. (19 70) they found that a 0-50 pound actual 
spray of diazinon significantly reduced the population of 
coccinellids made up of mainly convergens. From their 
study they concluded that the more effective the chemical 
was against the greenbug the greater suppressive effect it 
had on the beneficial insects. 
Chrysopa and Nabis spp. Hoffman (19 60) showed in 
laboratory studies comparing several insecticides that dia­
zinon was more toxic at lower concentrations to Chrysopa 
larvae than DDT. Bartlett (1964) also found this to be true 
for Chrysopa larvae but found that both chemicals were highly 
toxic to the adult. In studies conducted by Ward et al. 
(19 70) on the effects of insecticides on the greenbug and 
other insects 0 to 0.7 chrysopid larvae were collected per 
plant resulting in insufficient numbers for detection of 
treatment differences. This lack of substantial numbers of 
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Chrysopa in the field seemed to be very common in most 
studies. 
The only information that the author found available on 
the effect of diazinon on nabids was in Ripper's (1955) chart 
showing the effect of pesticides on balance of arthropod 
population. In this chart he noted that Nabis ferus was 
completely eliminated when diazinon was used. 
Glischrochilus quadrisicrnatus and Araneae No informa­
tion was found concerning the effects of diazinon on these 
arthropods. 
EPN 
This organophosphate has been sho;vn to be very .toxic to 
many predators. Although no previous information was found 
as to its effect on 0_^  insidiosus and quadrisignatus it is 
recorded as being moderately to highly toxic to some members 
of the orders of arthropods represented here (Ripper, 1956). 
As for its effect on Chrysopa spp. and Araneae no informa­
tion was found. 
Coccinellids In a laboratory test conducted by 
Campbell and Hutchins (1952) in 1951 they found that a 0.20 
pound per acre application of a dust and spray formulation of 
EPN resulted in 100 percent mortality of C^  maculata after 48 
hours of exposure to cotton treated with this material. The 
mortality of con ver gen s was recorded as 90 and 73 percent 
for the spray and dust applications respectively after 48 
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hours and 100 and 90 percent after 9 6 hours. From this 
information they concluded that EPN was highly toxic to 
these coccinellids. Bartlett (19 65) also reported the high 
toxicity of SPN to coccinellids in his chart on insecticides 
and their toxicity to parasites and predators. Ripper (19 56) 
in a similar chart has recorded this highly toxic effect on 
C. maculata and convergens as well as for Nabis ferus. 
Carbofuran 
This relatively new carbamate insecticide has not been 
extensively evaluated as to its effects on the predators 
found in Iowa. However, Johansen and Eves (1967) reported 
that NIA-10242 (carbofuran) applied as a granular formulation 
at 1.0, 2.0 and 3.0 pounds actual per acre as a sidedress and 
as a broadcast by airplane on alfalfa were relatively non-
hazardous to Orius spp., convergens/ Chrysopa, and Nabis 
alternatus. VJhen tobacco leaves were treated with a 5 pound 
actual per acre broadcast treatment of carbofuran in May and 
infested in the laboratory with maculata in June from 70 
to 90 percent mortality was recorded after 24 hours. This 
laboratory test showed the persistence of carbofuran on the 
plant (Cherry and Pless, 1969). 
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METHODS AND MATERIALS 
The experiments were conducted at the European Com 
Borer Laboratory located on the Iowa State University Farm, 
Ankeny, Iowa during 1970 and 1971. 
Chemicals and Application 
Four chemicals which had either at one time been approved 
and recommended for corn borer control or had proven to be 
effective, although no Federal approval had resulted, were 
evaluated. These chemicals included DDT, diazinon, EPN, and 
carbofuran. Each of these chemicals was applied as a multi­
ple application, approximately 2 weeks apart after the first 
and third artificial infestation of corn borers, at a pre­
determined rate in both granular and spray formulations 
(Table 1). DDT and diazinon were applied at 1.0 pound per 
acre actual toxicant while EPN and carbofuran were applied at 
0.5 pound per acre actual toxicant. 
All the chemicals were applied with a self-propelled 
high clearance applicator driven at 4 mph. The spray 
formulations for first-generation borer control were applied 
at 40 psi through a 10 gallon per acre nozzle directed over 
the corn whorl. The formulations for second-generation 
borer control were applied at the same psi but four 10 gallon 
nozzles were used. These four nozzles, two per side, were 
directed at the ear and leaf sheaf. The granular formulations 
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Table 1. Date of artificial infestation and insecticide 
treatment for 1970 and 1971 
Date 
1970 1971 Activity 
On early planted com 
June 19 June 18 Infested 
22 22 Treated 
26 25 Infested 
July 3 July 2 Infested 
9 6 Treated 
10 10 Infested 
On late planted com 
July 29 July 23 Infested 
August 2 26 Treated 
5 30 Infested 
12 August 5 Infested 
14 9 Treated 
19 13 Infested 
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were applied over the row and distributed by a fluted 
applicator for both generations. A pre-calibrated metering 
device driven by a small hydraulic motor was used to assure 
uniform release of the granular formulations. 
Plot Design 
Plots were arranged in a randomized complete block 
design with each treatment replicated four times (Fig. 1). 
Each plot was 90 feet long by 12 rows wide with the center 
four rows treated (Fig. 2). A European corn borer 
susceptible double-cross corn, (V7F9 x LF5) X (GN2BD1 x IDT) , 
was used for this study. This corn was planted on 30-inch 
centers at a rate of 21 thousand plants per acre on May 21, 
1970 and May 5, 1971 for early planting tests and May 29, 
1970 and June 2, 1971 for late planting tests. These early 
and late plantings provided food for the first- and second-
. generation borers, respectively. 
The middle .50 feet of the six center rows of each plot 
were thinned to approximately one plant every 12 inches to 
facilitate sampling. Every other thinned plant was desig­
nated as a potential sample and was given a random identi­
fication number for sampling. The plants located between 
the potential sample plants were designated as guard plants 
to assure the continued presence of plants throughout the 
season in all sample areas. 
Figure 1. Layout of randomized complete block 
1 Untreated 
2 Carbofuran G 
3  Carbofuran S 
4  D i  az i  non G 
5  D i  az i  non S 
6 EPN G 
7 EPN S 
8 DDT G 
9  DDT S 
PLOTS 
1 2 3  4  5 6 7 8  9 
2 8 4 6 9 1 3 5 7 I 
7 4 6 8 9 5 1 2 3 H 
00 
1 4 8 6 2 5 7 9 3 m 
5 1 8 6 4 2 9 3 7 EC 
Figure 2.. Layout of one plot within the randomized complete 
block 
PLOT 
(12 rows)  
9  P l o t s / R e p  
4 Reps 
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During first- and second- generation com borer peak 
activity one artificially reared blackheading egg mass was 
placed per week on each plant in the four thinned center 
rows of each plot. Each egg was placed in the whorl for 
early planting studies and pinned to the midrib of the leaf 
directly under the ear for late plantings. Artificial 
infestation was used to assure that a borer population would 
be present for attracting predators. 
Sampling Technique 
The plots were sampled between 12 and 4 a.m. every 2 to 
4 days, weather permitting, frozn June 17 to August 26 in 1970 
and from June 14 to August 20 in 1971. This time was 
determined to be best for recovery of all types of arthropod 
predators on the above ground corn plant. This determination 
was made by observations a.nd evaluations of plant samples 
taken over a 24 hour period at the beginning of the season, 
plants approximately 12 inches tali, and during the develop­
mental period of the first- a-.id second-generation borers. 
Somewhat higher total nuir.bers v.-are found during the daylight 
hours, but peak populations of individual species were 
scattered throughout the day o^ c^ een 9 a.m. and 4 p.m. The 
sampling period found to be n-iO'-.c ideal for this study occurred 
early in the morning at about 12 a.m. 
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The sampling technique used by McFarland (1963) in his 
studies of corn borer predators was modified to facilitate 
the handling of large numbers of samples. McFarland used 
trap boxes and cloth bags for predator capture on corn of 
differing heights, whereas we found varying sizes of plastic 
bags more convenient. The smallest plastic bags, 19 x 30 
inches, were used for plants up to 20 inches tall. The 
medium size bags, 22 x 60 inches, and the large bags, 55 x 
84 inches were used for plants from 20 inches to 4.5 feet and 
above 4.5 feet respectively (Figs. 3 through 5). 
An 8 foot wooden "T" with a release mechanism consisting 
of two large spring-loaded paper binders was used to hold the 
large bags vertical during sampling. These binders were 
attached to the top of the "T" and had 1/16 inch strands of 
bailing wire extending down from the spring openers of the 
binders to the "T" handle. Vlhen these wires were pulled the 
binders opened and the bag was released (Fig. 6) . 
Before sampling, each bag was marked as to the plot, 
row and plant to be sampled. Two samples were taken from each 
plot, one each for either row one and three or row two and 
four. Plots were sampled in this skip-row manner to insure 
as little disturbance as possible to the other row when the 
first sample was being taken. 
Figure 3. Method .of sampling with 19x30 inch plastic bag 
Figure 4. Method of sampling with 22x60 inch plastic bag 
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Figure 5. Sampling with 55x84 inch plastic bag attached to 
wooden "T" apparatus 
Figure 6. Release of large plastic bag 
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When entering the row to be sampled two people held the 
bag open at the bottom while a third held the bag vertical. 
Electric lanterns attached to each person's head lighted the 
way into the plot for retrieval of the designated plant. I'Then 
this plant was located in the plot the bag was swiftly placed 
over the plant. The bag was quickly gathered tightly 
around the base of the stalk, which was in turn cut and 
pushed into the bag. Air that had accumulated in the 
bag during this sampling process was then removed by forcing 
it out of a small opening in the opened end of the bag. 
The opened end was then tightly twisted and taped to prevent 
the escape of the arthropods. The samples were then taken 
into the laboratory and placed in a 40° F cooler until 
processing. 
Sample Processing 
The laboratory samples were removed from the 40® P 
room and cut into 8 inch sections to speed the dissection • 
process (Fig. 7) . The bags were then resealed to avoid 
escape of the predators while the other samples were being 
processed. 
The sample to be processed was dumped into an 8 1/2 
inch deep conical shaped milk strainer and washed with 
water from a garden hose. This strainer had a 12 1/2 inch 
diameter top and a 5 3/4 inch diameter closed bottom with 
3/4 inch holes. These holes were small enough to retain 
Figure 7. Sectioning bagged plants for processing 
Figure 8. Washing arthropods from corn samples into 60 
mesh screen milk strainers 
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most plant debris while allowing the arthropods to pass 
through to the collecting strainer below. This 9 1/2 inch 
deep collecting strainer was 10 1/2 inches in diameter at the 
top and 4 1/4 inches in diameter at the bottom. A 50 mesh 
screen was located at the bottom to catch and retain the 
arthropods washed from the sample (Fig. 8). As the amount 
of plant material increased, a sheet metal funnel, diameter 
23 and 6 inches, was fitted over the top strainer to 
increase its capacity. 
After the sample was dissected and washed thoroughly 
the tagged collecting strainer was placed, for 3 minutes, in 
one of five dish pans containing a saturated salt solution 
with a specific density of 1.17 at 60° F (Fig. 9). This 
saturated salt solution was used to increase the specific 
gravity of the floating solution so as to facilitate the 
recovery of all arthropod predators. All the arthropods 
recovered had a lower specific gravity and subsequently 
floated on top of the solution. Water alone was not suitable 
for this study since some arthropods had a higher specific 
gravity and would sink. 
The arthropods floating on the salt solution were 
removed from the top of the solution by means of a water 
suction aspirator (Fig. 10). These arthropods were drawn 
through a 5/16 Tygon® stoppered tube approximately 30 inches 
long into either a 500 or 1000 ml filtering flask. The 
Figure 9. Floating arthropods in saturated salt solution 
Figure 10. Aspirating arthropods from top of saturated salt 
solution 
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filtering flask containing the arthropods, salt solution and 
identification tag was then taken to a table where six 91 lam 
Buchner funnels attached to 1000 ml filtering flasks were 
located. Each filtering flask was connected to a common 3/16 
inch diameter rubber vacuum hose which was in turn connected 
to a Duo-Seal^  vacuum pump. A 2 mm bore stopcock was con­
nected to each filtering flask to allow for individual 
operation of each filtering system. V7hatman® number one 9.0 
cm filter paper was placed in the bottom of each Buckner 
funnel to retain the arthropods while the salt solution was 
being removed. 
The solution containing the arthropods was poured from 
the filtering flask into the Buckner funnel already in 
operation (Fig. 11). As soon as the salt solution was re­
moved the stopcock to that system was shut off and the 
sample was washed with 70 percent ETOH into a 2 oz wide 
mouth screw cap bottle (Fig. 12). The bottle was then 
tagged with its identification number and stored. After 
the conclusion of the sampling period the arthropods from 
each jar were examined and identified under a dissection 
scope. The numbers of predatory arthropods found in each 
sample were recorded on IBM data sheets and computer cards 
for statistical analysis. 
Figure 11. Separating arthropods from saturated salt 
solution by means of a Buchner funnel-filtering 
flask apparatus attached to vacuum pump 
Figure 12. Washing arthropods into storage jar with 70 
percent alcohol. 
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Determination of Samples 
The insect predators found in this study were identified 
to species by the author. These determinations were verified 
by Mr. Ray Miller, an insect taxonomist at Iowa State Univer­
sity. Spiders found in this study were classified to family 
by Dr. Ellis Hicks, Professor, Department of Zoology and 
Entomology, Iowa State University. The identified arthropods, 
voucher specimens, were then placed in the Iowa State Univer­
sity collection. 
Weather Data 
Weather data were recorded from hygrothermographs and a 
rainfall indicator on the Iowa State University Farm. The 
hygrothermographs were housed in standard weather shelters 
inside the testing area and provided constant temperature and 
relative humidity readings. The high and low temperatures 
and the rainfall received for any given day are presented in 
Figures 13 and 14. 
Statistical Analyses 
The data from this study were analyzed on an IBM 360/65 
computer. An analysis of variance was computed on each 
arthropod predator group to find out if there were significant 
differences between overall treatments and treatment x date 
interactions. The treatment and treatment x date predator 
means from this computation were then compared for signifi­
cant differences by application of Duncan's multiple range 
test. 
Figure 13. Rainfall and high and low temperatures for 1970 
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RESULTS AND DISCUSSION 
Orius insidiosus 
On early planted corn 
Adults Table 2 reveals that in the analyzation of 
the combined individual sampling date results the adults were 
not significantly reduced by any treatment in 1970 or 1971. 
However, the plots treated with carbofuran granules at 
0.5 pound per acre actual toxicant showed a significant 
increase in mean number of 0_^  insidiosus adults. This 
situation occurred both in 1970 and 1971 and at this time 
appears to be unexplainable. The lack of significant 
reduction of this predator was very likely due to rapid 
reinfestation from adjacent nontreated. rows. From this 
information it would appear that this predator, at least 
in small plots, is able to reestablish its numbers in a 
short period of time after insecticide treatments. 
When the combined results were broken down into 
individual sampling date results it was apparent that the 
insecticides for both 1970 and 1971 produced no significant 
population reductions even at 2 to 5 days after insecticide 
application (Tables 3 and 4). As stated previously, this 
lack of significant reductions, even over individual sampling 
dates, was probably due to the mobility of this predator. 
The rapid movements of the adults and quickness to fly when 
disturbed, as noted by Barber (1936), probably led to their 
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Table 2. Effect of insecticides applied as granular and 
spray formulations on 0_^ insidiosus on early 
planted corn. Ankeny, Iowa& 
Id C Lb Mean number/plant ' 
Material 
Al/a/ 
Application 
1970, 112 saraples 1971, 12 0 samples 
Adults Nymphs Adults Nymphs 
Carbofuran G 0.5 4.90b 1.40ab 6.90c l.SOab 
S .5 3.60a 2.20c 4.30a 2.40cde 
Diazinon G 1.0 3.90a 1.30a 5.50b 1.30a 
S 
o
 
H
 3.10a 2.20c 4.10a 2.60e 
EPN G .5 3.70a 1.30a 5.70b 1.60ab 
S .5 3.70a 2.70c 4.00a 2.00bcd 
DDT G 1.0 3.30a 1.70ab 3.70a 1.20a 
S H
 
O
 
3.30a l.SObc 4.20a 1.90bc 
Untreated 3.70a 2.40c 3.90a 2.50de 
S^ampled June 22 to August 26, 1970; June 22 to August 
14, 1971. 
M^eans followed by the saizie letter are not significantly 
different at the 5 percent level of probability. 
S^ummations of the analyses of variance found in Tables 
30 through 33 of the Appendix. 
Table 3. Mean number of 0^ insidiosus adults found on early planted corn after one and 
two applications of insecticide in granular and spray formulations. Ankeny, 
Iowa, 19703 
Lb Mean number/plant, 8 plants s ampled^  
Al/a/ Days after first application Days after second application 
Material Application 5 7 12 14 4 7 10 14 
Carbofuran G 0.5 0.40 1.80 2.30 2.10 6.80c 6. OObc 10.00b 7. OObc 
S .5 . 80 0. 80 1.60 1.90 4.OOabc 6.lObc 6.10a 4.30ab 
Diazinon G 1.0 1.30 .80 2.00 2.10 4.GOabc 6. 30bc 5.30a 7 .OObc 
S 1.0 .30 .50 0.60 2.00 3.50ab 5.10abc 4.90a 3.00a 
EPN G .5 .60 1.00 1.40 1.80 2.60ab 7.80c 5.90a 7.50c 
S .5 .60 .60 .90 2.00 5.30bc 5. lOabc 5.30a 3.40a 
DDT G 1.0 .10 .30 1.30 1.10 1.90a 2.60a 5.10a 5.50abc 
S 1.0 .10 .40 2.00 2.10 2.60ab 3.60ab 7.00a 5.30abc 
Untreated .60 1.00 .90 1.00 4.40abc 4.30ab 7.00a 5.30abc 
F^irst application June 22; second application July 9. 
^Means followed by the same letter or with no letter are not significantly 
different at the 5 percent level of probability. 
Table 4. Mean number of 0^ insidiosus adults found on early planted corn after one 
and two applications of insecticide in granular and spray formulations. 
Ankeny, Iowa, 1971^ 
Lb Mean number/plant, 8 plants s ampled^  
Al/a/ Days after first application Days after second application 
Material Application 2 5 9 13 2 6 9 13 
Carbofuran G 0.5 2.00 5.60bc 7.10c 5.80ab 7.80c 11.80d 18.40d lO.lOd 
S .5 1.00 1.80a 1.30a 3.00a 6. lOabc 6.OOab 5.50ab 2 .50a 
Diazinon G 1.0 3.30 6.40c 4.80bc 5.60ab 6.90bc 9.OObcd 6.90ab 6.90bc 
S 1.0 1.10 2.80ab 1.90ab S.OOab 4.40ab 6.90ab 7.90b 4.30abc 
EPN G .5 0.90 3.90abc 4.50bc 6.90b 6.30abc 10.30cd 10.80c 7.40cd 
S .5 1.60 2.90ab l.BOab 3.50a 5.90abc 6.80ab 6.40ab 4.60abc 
DDT G 1.0 .80 1.30a 2.90ab 4.50ab 3.60a 5.50a 4.00a 4.90abc 
S 1.0 .60 2.00a 3.60ab 3.60a 4.90abc 5.50a 6.80ab 5.OOabc 
Untreated 2.10 2.00a 2.40ab 4.50ab 6.OOabc 8.OOabc 6.lOab 3.80ab 
F^irst application June 22; second application July 6. 
^Means followed by the same letter or with no letter are not significantly dif­
ferent at the 5 percent level of probability. 
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escape during treatment with reinfestation following within 
a short time. 
Numerically the data show DDT both as a granular and 
spray formulation lowered the adult population considerably, 
although not significantly, through the second sampling date 
of each application (Tables 3 and 4). The plots that were 
sampled 7 and 10 days after the second insecticide applica­
tion in 19 70 and those sampled 5 and 9 days after the first 
application and 6, 9, and 13 days after the second applica­
tion in 1971 each had treated plots with significantly more 
0. insidiosus adults than the untreated plots (Tables 3 and 
4). This situation can not be explained with the informa­
tion now at hand. 
Nymphs The mean number of nymphs recorded over the 
entire sampling period showed significant differences due 
to the application of certain insecticides in 19 70 and 1971 
(Table 2). In 19 70 all insecticides in granular formula­
tions significantly lowered the nymph population over the 
entire sampling period, June 22 to August 25. Of these 
granular formulations diazinon and EPN were numerically more 
deleterious to the nymph population than carbofuran or DDT. 
VJlien comparisons for significant reductions were made in 1971, 
June 22 to August 14, all four insecticides in granular 
formulations once again significantly decreased the nymph 
population with diazinon and DDT being numerically more 
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harmful to the nymphs than carbofuran and EPN. 
A spray formulation of DDT in 1971 was also shown to 
significantly lower the nymph population (Table 2) . This 
reduction of the population for both years by insecticides 
in granular formulation was probably due to the higher con­
centration of toxicant reaching the deep whorl area by 
action of the falling granules. The spray formulations, on 
the other hand, tended to adhere to the surface with little 
penetration of the whorl. This whorl area was where a 
majority of nymphs were observed to be at this stage of com 
development. As a result of their presence in the whorl at 
this time, their chance of contact with the granular 
formulated toxicant increased. 
Wnen comparisons were made on individual sampling dates 
there were no significant reductions of nymphs through the 
4th-day sample after second application in IS70 (Table 5). 
From the number of nymphs obtained at this time it was quite 
apparent that the lack of a significant decrease in population 
was due to the low number of nymphs present. This situation 
was also found to be true in 1971 through the 2nd-day sample 
after second application (Table 6}. 
The 7th-day sample after the second application in 1970 
(Table 5) showed that all treatments significantly reduced 
the nymph population when compared to the numbers collected on 
untreated plots. This same situation occurred for the 
Table 5. Mean number of 0_^ insidiosus nymphs found on early planted corn after one 
and two applications of insecticide in granular and spray formulations. 
Ankeny, Iowa, 1970& 
Material 
Lb 
Al/a/ 
Application 
Mean number/plant, 8 plants sampled 
Days after first application 
5 7 12 14 
Days after second application 
4 7 10 14 
Carbofuran G m 
o
 0 0 0 0 0.10 1.30a 1.90a 1.50ab 
S .5 0 0 .10 0 .90 1.00a 1.40a 3.30bc 
Diazinon G 
O
 
i—! 
0 0 0 0 .30 0.40a 1.80a 0.30a 
S 
O
 
«—
! 
0 0 0 0 0 2.00a 2 .6 0 ab 5.00cde 
EPN G .5 0 0 0 0 0 . 80a 1.00a 3.80od 
S .5 0 0 0 0 .30 1.10a 2.00a 5.90dc 
DDT G 1.0 0 0 0 .10 .40 1.30a 2 .50ab 1.60ab 
S 1.0 0 0 0 .40 0 1.50a 4 .30bc 4.50cd 
Untreated 0 0 
o
 
1—I 
0 .40 3.40b 6 .00c 7.00e 
P^irst application June 22; second application July 9. 
^Means followed by the same letter or with no letter are not significantly dif­
ferent at the 5 percent level of probability. 
Table 6. Mean number of 0. insidiosus nymphs found on early planted corn after one 
and two applications of insecticide in granular and spray formulations. 
Ankeny, Iowa, 19 71^ 
Lb Mean number/plant. 8 plants sampled^  
Al/a/ Days after first application Days after second application 
Material Application 2 5 9 13 2 6 9 13 
Carbofuran G 0.5 0 0 0 0.10 0.30 1.10 0 .60abc 1.80a 
S .5 0 .10 .30 .40 .50 2.50 1.90abc 5.40cd 
Diazinon G 1.0 0 .10 0 0 .30 0 .90 . 10a 3.00ab 
S 1.0 .40 .10 .40 1.30 .60 1.40 2.40c 6 .OOcd 
EPN G .5 0 .10 0 .80 1.00 1.50 1.OOabc 1.40a 
S .5 0 0 .40 .40 .80 1.50 . 90abc 4.30bc 
DDT G 1.0 .10 0 .10 .30 .40 .90 . 42ab 3.OOab 
S 1.0 .40 .30 .60 .30 .50 2.00 1.50abc 4.80cd 
Untreated .50 1.00 .50 .80 1.80 2.10 2.lObc 6.60d 
F^irst application June 22; second application July 6. 
^Means followed by the same letter or with no letter are not significantly dif­
ferent at the 5 percent level of probability. 
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loth-day sample with the exception of DDT spray, which was 
still numerically more toxic- By the 14th-day sample, after 
second application, only the spray formulations of carbofuran 
and DDT along with all granular formulations were 
significantly more reductive than the untreated plots. 
Numerically all the treated plots for the 7th-, 10th- and 
14th-day sample after second applications showed a decrease 
of nymphs in 19 70.. 
In the 19 71 study (Table 6) the 9th-day sample after 
second application only showed one treatment, diazinon in 
granular formulation, as significantly lowering the mean 
number of 0_^  insidiosus nymphs when compared to the untreated 
plot mean numbers. By the 13th-day sample after second 
application all granular formulations plus the EPN spray 
formulation significantly lowered the population. The 
persistence of these granular formulated insecticides in the 
whorl, especially after the second application, and their 
toxic effects on the nymphs were quite apparent from this 
study. 
On late planted corn 
Adults The combined results from all the sampling 
dates showed that the treated plot means when compared to the 
untreated plot means were not significantly different for 
0. insidiosus in 19 70 (Table 7). This same situation 
developed in 1971 with the additional information that 
carbofuran, diazinon axid EPN in both formulations had 
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Table 7. Effect of insecticides applied as granular and 
spray formulations on 0^ insidiosus on late 
planted com. Ankeny,. Iowa* 
b c Lb Mean number/plant ' 
Al/a/ 1970, 32 samples 1971, 64 samples 
Material Application Adults Nymphs Adults Nymphs 
Carbofuran G 0.50 6.90d 1.20bc 19.50e 3.00b 
S .50 5.30bcd 0.60ah 14.30cd 1.50a 
Diazinon G 1.00 3.80ab . 80àb IS.lOd 1.30a 
S 1.00 4.SOabcd . 50ab 10.80b 2.20ab 
EPN G .50 6.lOcd 1.lObc ll.lObc 2.80b 
S 
o
 
m
 5.30bcd .30a 11.90bcd 2.00a 
DDT G H
 
o
 
o
 
5,70bcd 1.50cd 9.20ab 2.90b 
S 1.00 3.00a .30a 9.30ab • 1.70a 
Untreated 4 -70abcd 2.10d 7.30a 4.80c 
S^ampled July 23 to August 25, 1970; July 19 to August 
20, 1971. 
 ^Me ans followed by the same letter are not significantly 
different at the 5 percent level of probability. 
^Summations of the analyses of variance found in 
Tables 34 through 37 of the Appendix. 
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significantly higher mean numbers of adults present when 
compared to the untreated plots. As with the 0_^ insidiosus 
adults on the early planted corn this was unexplainable. 
PZhen the mean numbers of adults in treated plots for 
individual sampling dates were statistically compared to the 
untreated plot mean numbers in 1970 only the 4th-day sample 
after first application of insecticide showed significant 
reductions (Table 8). On this sample day both diazinon 
formulations and the DDT spray formulation significantly 
reduced the adult population. The other three 1970 compar­
isons, lOth-day sample after first application and 6th- and 
12th-day samples after second application, showed no 
significant decrease of 0_j_ insidiosus adults. Table 9 shows 
that in 1971 none of the individual sampling date means 
showed a significant decrease of adults when the results from 
the treated plots were compared to the results from the 
untreated plots. This lack of significant reductions due to 
insecticides was similar to the situation found for adults 
on early planted corn (Tables 3 and 4). 
Nymphs As in the early planted corn studies with 
0. insidiosus nymphs the late planted corn studies (Table 7) 
in most instances shewed significant reductions of nymphs 
when the coirbiiied individual sampling date treated plot means 
were compared to the untreated plot means. This late planted 
corn comparison, presented in Table 7, showed that all 
Table 8. Mean number of 0. insidiosus adults found on late planted corn after one 
and two applications of insecticide in granular and spray formulations. 
Ankeny, Iowa, 1970& 
Material 
Lb 
Al/a/ 
Application 
Mean number/plant, 8 plants sampled^  
Days after first application Days after second application 
4 10 6 12 
Carbofuran G 0.5 6.30abc 8.70cd 6.40b 6.20 
S .5 4.90ab 8.20bcd 2.80a 5.10 
Diazinon G 1.0 3.80a 4.10a 4.70a 2.70 
S 1.0 3.80a 9.40d 3.70a 2.80 
EPN G .5 8.80cd 8. OOabcd 3.50a 4.20 
S .5 5.40abc 7.40abcd 3.70a 4.70 
DDT G 1.0 10.70d 6.60abed 2.30a 3.20 
S 1.0 3.90a 4.40ab 1.60a 2.20 
Untreated 8.60bcd 4.90abc 2.70a 2.40 
P^irst application August 2; second application August 14. 
^Means followed by the same letter or with no letter are not significantly 
different at the 5 percent level of probability. 
Table 9. Mean number of 0^ insidiosus adults found on late planted corn after one and 
two applications of insecticide in granular and spray formulations. 
Ankeny, Iowa, 19 71^ 
Lb Mean number/plant, 8 plants sampled^  
Al/a/ Days after first application Days after second application 
Material Application 2 5 8 10 2 5 8 11 
Carbofuran G 0.5 10.20 12.00 23. 10b 29.80c 16.60c 23 . 80c 
S .5 5.70 12.30 14. 20a 15.lOab 17.00c 15 .70b 
Diazinon G 1.0 6.00 9.50 16. 70a 24.20c 16.50c 22 . 60c 
S 1.0 4.70 10.50 14. 30a 18.00b 9.30ab 10 . OOab 
EPN G .5 5.70 11.10 11. 70a 17.lOab 9.50ab 12 .70b 
S .5 6.20 9.30 13. 70a 14.80ab 15.30bc 13 .20b 
DDT G 1.0 5.30 10.50 14. 50a 15.20ab 8.70a 6 .00a 
S 1.0 5.20 9.90 13. 40a 16.90ab 7.60a 5 .90a 
Untreated 5.30 7.80 10. 10a 11.00a 8.70a 5 .60a 
First application July 26; second application August 9. 
^Means followed by the same letter or with no letter are not significantly 
different at the 5 percent level of probability. 
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treatments, except DDT as a granular formulation in 1970, 
significantly lowered the nymph population in both 1970 and 
1971. Numerically the spray formulations were more 
detrimental to the nymphs than the granular formulations in 
19 70 and 1971. This situation was a complete reversal from 
what was reported for nymphs on early planted corn (Table 2) 
in which the granular formulations were significantly more 
toxic. This difference in formulation effects was due, at 
least in part, to the nymphs on the late planted corn being 
located in exposed areas searching for food when the 
chemicals were applied. Thus, the chance of contact.with the 
toxicant was increased. On the other hand, the nymphs on the 
early planted corn were in the whorl of the plant when the 
chemicals were applied, making them more susceptible to the 
deep penetration of the granular formulations. 
When the individual sampling date comparisons were made 
in 1970 (Table 10) none of the nymph populations were 
significantly lowered by the 4th day after the first applica­
tion, although all sprays plus the diazinon granular formula­
tion reduced tlie population. By the 10th-day sample, however, 
all chemicals significantly reduced the nuiuber of nymphs. 
This was also the case after the 6th-day sample after second 
application. By the 12th-day sample the mean number of 
nymphs in the treated plots was not significantly different 
from the untreated plot means. This was somewhat misleading 
Table 10. Mean number of 0^ insidiosus nymphs found on late planted corn after one and 
two applications of insecticide in granular and spray formulations. 
Ankeny, Iowa, 1970^ 
Lb Mean number/plant, 8 plants sampled 
AI/a/ Days after first application Days after second application 
Material Application 4 10 6 12 
Carbofuran G 0.5 1.90ab 2.00b 0.40a 0.50 
S .5 1.00a 0.90ab .50a .20 
Diazinon G 1.0 l.SOab l.OOab .20a .40 
S 1.0 0.90a .90ab . 10 a .10 
EPN G .5 2.60bc 1.50ab . 40a .10 
S .5 .70a .20a . 10a .20 
DDT G 1.0 3.60c 1. 6 0 ab . 60a to
 
o
 
S 1.0 .70a . 10a .10a .10 
Untreated 1.90ab 3.90c 1.90b .70 
F^irst application August 2; second application August 14. 
^Means followed by the same letter or with no letter are not significantly 
different at the 5 percent level of probability. 
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since the mean number of nymphs on all treated plots was 
still numerically below the means of the untreated plots. 
In the 1971 individual sampling date comparison (Table 
11) the first two sampling dates after the first application 
showed no significant differences in mean number of nymphs per 
plant. By the 8th-day sample after first application all 
treatments except for the carbofuran/ EPN and DDT granular 
formulations reduced the nymphal population significantly. 
On the 10th day after first application all mean number of 
nymphs per plant were statistically the same although 
numerical differences were apparent. T^ hen the second 
application of each insecticide was applied the mean number 
of nymphs per plant was lowered significantly below those on 
the untreated plots in a majority of the treated plots. The 
data obtained following the second insecticide application 
showed that diazinon in a granular formulation and carbof uran 
in a spray formulation were the most deleterious to the 
nymphs. 
The treatments showing the least effect on the nymphs 
were carbof uran, EPN and DDT in granular formulations for the 
2nd-, 5th-, 8th- and llth-day samples after second applica­
tions. From Table 11 it was quite apparent that the spray 
formulations resulted in higher reductions of the nymphs and • 
that complete recovery from applications of these chemicals, 
in many cases, did not occur. 
Table 11. Mean number of 0. insidiosus nymphs found on late planted com after one 
and two applicaHjons of insecticide in granular and spray formulations. 
Ankeny, Iowa, 1971^ 
Lb . Mean number/plant, 8 plants sampled^  
Ai/a/ nâyb after" first application Days after second application 
Material Application 2 5 8 10 2 5 8 11 
Carbofuran G 0.5 2.60 1.70 1.60abc 1.40 5.70c 4 .90bc 4.20b 2.00a 
S .5 1.60 1.60 l.OOab 2.10 2.70b 1.50a 1.00a 0.20a 
Diazinon G 1.0 2.00 0.70 0.50ab 1.90 1.70a 2.50a 1.20a .10a 
S 1.0 0.60 1.10 1.20ab 1.50 3.70abc 3.50ab 3.40b 2.40a 
EPN G .5 2.70 2.20 2.OOabc 1.60 5.40c 3.00ab 4.10b 1.50a 
S .5 1.60 1.70 .40ab 2.00 4.20bc 2 « 60a 2.OOab 1.40a 
DDT G 1.0 1.60 1.70 2.50c 3.40 3.70abc 4.90bc 3.40b 2.10a 
S 1.0 .70 .40 . 10a 2.50 3.60abc 3.20ab 2.20ab . 60a 
Untreated 1.60 2.10 3.50c 3.50 lO.lOd 6.50c 6.50c 4.50b 
F^irst application July 26; second application August 9. 
^Means followed by the same letter or with no letter are not significantly 
different at the 5 percent level of probability. 
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Coccinellids 
The three major coccinellids found in this study were 
Coleomegilla maculata, Hippodamia convergens and Hippodamia 
tredecimpunGtata. These coccinellids were combined into a 
single group for evaluation because of their small individual 
numbers. 
On early planted corn 
Adults The mean number of coccinellids in treated 
plots showed no significant reduction of the population for 
the overall sampling period, in 1970 and 1971, when compared 
to the mean number of coccinellids in untreated plots 
(Table 12). However, the coccinellids present in these 
plots did show some numerical variations. In 1970 all 
insecticide plots showed a numerical reduction of coccinellid 
adults when compared to the untreated plots. The spray 
formulations for both these years appeared to be more 
deleterious to these coccinellids than the granular formula­
tions. There appeared to be little numerical difference 
among these insecticides applied as sprays. Of all the 
formulations, the plots treated with carbofuran granules 
showed the least reduction of adults for both years. The 
finding of nonsignificant reductions was probably the 
result of reinfestation. This reinfestation probably 
overshadowed the effects of the insecticides on the popula­
tion over the long period. 
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Table 12. Effect of insecticides applied as granular and 
spray formulations on coccinellids on early 
planted corn. Ankeny, Iowa& 
Lb Mean number/plant^  '' ^  
Al/a/ 1970, 112 samples 1971, 120 samples 
Material Application Adults Larvae Adults Larvae 
Carbofuran G 0.5 0.41 0.38cd 0.38 0.08 
S .5 .23 .15a .23 
CO H
 
Diazinon G 1.0 .28 .24ab .27 .30 
S 1.0 .25 . 24ab .21 .07 
EPN G .5 .27 .37cd .30 .08 
S .5 .21 .28bc .24 .17 
DDT G 1.0 .34 .80e .29 .07 
S 1.0 .23 .45d .22 .13 
Untreated .45 .46d .38 .18 
S^ample June 22 to August 26, 19 70; June 22 to August 14,  
1971. 
M^eans followed by the same letter or with no letter are 
not significantly different at the 5 percent level of 
probability. 
^Summations of the analyses of variance found in Tables 
38 through 41 of the Appendix. 
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When the data for the individual sampling dates in 1970 
were analyzed for significant reductions due to treatments 
none were found to be significant (Table 13). Numerically 
the mean of the number of coccinellids, except for the plots 
treated with granular foirmulations of carbofuran, was higher 
on the untreated plots on each sampling date. However, 
these means were so low it was hard to distinguish any real 
trends. 
In the 1971 comparison of coccinellid adults on 
individual sampling dates the data showed significant 
population reductions due to treatments (Table 14). The 
data for the 2nd-, 5th- and 13th-day sampling dates after 
first insecticide application showed significant mean 
reductions when compared to the untreated plot means for 
those dates. On the 2nd day after insecticide application 
DDT in both formulations and carbofuran as a spray 
significantly reduced the coccinellid adult population. 
On the 5th day the diazinon and carbofuran sprayed plots and 
the plots treated with EPN and DDT granules also showed 
significant decreases in population. This continuous effect 
of the sprays was probably due to the greater surface area 
covered with the toxicant increasing the chance of predator 
contact. No reductions were noted after the second applica­
tion of insecticides. This lack of reduction was probably 
due to the physical removal of the toxicants by almost 1 inch 
Table 13. Mean number of coccinellid adults found on early planted corn after one and 
two applications of insecticide in granular and spray formulations. 
Ankeny, Iowa, 1970^ 
Material 
Lb 
Al/a/ 
Application 
Mean number/plant. 8 plants sampled^  
Days after first application Days after second application 
5 7 12 14 4 7 10 14 
Carbofuran G 0.5 0.25 0.50 0 0.50 1.13b 0.25 0 0.25 
S .5 .12 .12 0 .12 0.12a 0 0 0 
Diazinon G 1.0 .12 .12 0 0 .12a 0 .25 .25 
S 1.0 0 .13 .13 .13 .13a 0 .13 0 
EPN G .5 .12 .25 0 .25 0 a .62 .25 0 
S .5 .13 .13 0 .25 .13a .13 .13 0 
DDT G 1.0 .38 .13 .25 .13 0 a .13 0 .25 
S 1.0 0 0 .12 0 0 a .12 0 0 
Untreated .37 .37 .37 .37 .62ab .25 .37 .12 
F^irst application June 22; second application July 9. 
^Means followed by the same letter or with no letter are not significantly 
different at the 5 percent level of probability. 
Table 14. Mean number of coccinellid adults found on early planted corn after one and 
two applications of insecticide in granular and spray formulations. 
Ankeny, Iowa, 19 71® 
Lb Mean number/plant, 8 plants sampled _______ 
AI/a/ Days after first application Days after second application 
Material Application 2 5 9 13 2 6 9 13 
Carbofuran G 0.5 0.87b 0.75ab 1.00b 0.37ab 0.62 0.62ab 0.25 0.50 
S .5 .12a .25a 0.50ab 0 a .25 .25ab 0 0 
Diazinon G 1.0 . 37ab . 50ab .25a .62ab .25 .75b .12 .37 
S 1.0 .50ab .12a .12a .12a .37 .24ab 0 .25 
EPN G .5 .25ab .12a .25a .25ab .62 .25ab .12 .37 
S .5 . 62ab .75ab .12a 0 a .12 .25ab .12 .12 
DDT G 1.0 .12a .12a .37a .25ab .25 .50ab .12 .25 
S 1.0 .12a . 50ab .12a .12a .25 0 a .25 0 
Untreated .87b 1.00b .62ab .87b .25 .25ab .37 .50 
F^irst application June 22; second application July 6. 
^Means followed by the same letter or with no letter are not significantly 
different at the 5 percent level of probability. 
93 
of rainfall within a week after insecticide application, 
July 6 (Fig. 14). 
Larvae A comparison of the mean number of larî/ae in 
the treated plot to the untreated plot mean ntmJoers for the 
overall sz^ mpling period in 1970 only showed significant 
reductions of coccinellid larvae in 19 70 (Table 12). In 
this comparison carbofuran, diazinon and EPW as sprays 
along with a granular formulation of diazinon reduced the 
larval population significantly. All other insecticides 
did not decrease the larval population significantly when 
compared to mean numbers obtained from the untreated.plots. 
The data collected in 19 71 showed no significant differences 
due to treatments. This situation was probably brought about 
by low larval numbers present (Table 16) and/or rainfall 
shortly after insecticide application, July 5 (Fig. 13) . 
In 19 70 very few larvae were collected on the sampling 
dates until the 10th- and 14th-day collections after the 
second application of insecticide (Table 15). Of these, 
only collections made on thé 10th showed a significant 
reduction in the number of coccinellids collected. This 
reduction was the result of a spray application of 
carbofuran which reduced the larval population 100 percent. 
The other treated plots, except for the plots treated with 
DDT in granular formulation, had numerically fewer coccinellid 
larvae than the untreated plot, however, the differences were 
Table 15. Mean number of coccinellid larvae found on early planted corn after one and 
two applications of insecticide in granular and spray formulations. 
Ankeny, Iowa, 19 70^ 
Lb Mean number/plant, 8 plants sampled 
Al/a/ Days after first application Days after second application 
Material Application 5 7 12 14 4 7 TO Ti 
Carbofuran G 0.5 0 0 0 0 0 .25 0 l.OOab 0.25ab 
S .5 0 0 0 0 0 .13 0 a 0 a 
Diazinon G 1.0 0 0 0 0 .13 0 .75ab .38ab 
S 1.0 .13 0 0 0 0 0 .62ab .38ab 
EPN G .5 0 0 0 0 0 .13 . 50ab 1.38b 
S .5 0 0 0 0 0 .13 .25ab . 50ab 
DDT G 1.0 0 0 0 0 0 0 4.38c 3.88c 
S 1.0 0 0 0 0 0 0 .50ab l.OOab 
Untreated 0 0 0 0 0 .13 1.50b l.OOab 
F^irst application June 22; second application July 9. 
^Means followed by the same letter or with no letter are not significantly 
different at the 5 percent level of probability. 
Table 16. Mean number of coccinellid larvae found on early planted corn after one and 
two applications of insecticide in granular and spray formulations. 
Ankeny, Iowa, 1971^ 
Lb Mean number/plant, 8 plants sampled^  
Al/a/ Days after first application Days after second application 
Material Application 2 5 9 13 2 6 9 13 
Carbofuran G 0.5 0 0 0 0 0 0 0 a 0 a 
S .5 0 0 0 0 .13 0 0 a 1.00b 
Diazinon G 1.0 0 0 0 0 0 0 0 a 0 a 
S 1.0 0 0 0 0 0 0 0 a 0 a 
EPN G .5 0 0 0 0 0 0 0 a 0 a 
S .5 0 0 0 0 0 0 0 a 0 a 
DDT G 1.0 0 0 0 0 0 0 0 a .13a 
S 1.0 0 0 0 0 0 0 0 a 0 a 
Untreated 0 0 0 0 0 0 1. 13b .13a 
F^irst application June 22; second application July 6. 
^Means followed by the same letter or with no letter are not significantly 
different at the 5 percent level of probability. 
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not significant. The significantly higher mean number of 
larvae found, on the plots treated with a granular formulation 
of DDT on both 10th- and 14th-day sampling dates after second 
application was probably due to the collection of large 
numbers of newly hatched coccinellids. 
In 1971 individual sample day comparisons, none of the 
plots had a high enough population to really show any true 
differences (Table 16). The sample taken on the 9th- and 
13th-day after second application did show significant 
differences between some means, however, since the number of 
coccinellids collected was low and since only 8 samples were 
taken the validity of the findings are open to question. 
On late planted com 
Adults The 19 70 overall mean number of adults per 
plant resulting from the combination of all individual sampling 
dates did not show any significant reductions in populations 
due to insecticide treatment (Table 17). This lack of toxic 
effect was probably due to removal of the insecticide by 
heavy rainfall shortly after insecticide application, 
August 2 (Fig. 13). In the 1971 sample, however, significant 
differences were noted (Table 17). In these samples the 
untreated plot mean numbers of adults present were 
significantly different from the carbofuran and EPN sprayed 
plot mean numbers and the DDT granulated plot mean mjmbers. 
Numerically all plots showed reductions of coccinellid 
adults in 1971. 
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Table 17. Effect of insecticides applied as granular and 
spray formulations on coccinellids on lata 
planted corn. Ankeny, lov/a^ 
b CÎ Lb Mean nuxrbor/plant '' 
Al/a/ 1970, 32 samples 1971, 64 samples 
Material Application Adults Larvae Adults Larvae 
Carbofuran G 0.5 0.53a 0.06 0.48b 0.58 
S - 5 .31a .12 . 14a .17 . 
Diazinon G 1.0 .37a .09 .34ab .33 
S 1.0 . 34a 0 .39ab .36 
EPN G .5 . 34a .03 .26ab .31 
S .5 1.09b .06 .22a .19 
DDT G 1.0 .53a .06 .15a .36 
S 1.0 .28a .08 .27ab .52 
Untreated .28a .18 .54b .53 
S^ampled July 23 to August 26,  1970;  July 19 to August 
20/ 1971. 
M^eans followed by the same letter or with no letter are 
not significantly different at the 5 percent level of 
probability. 
^Summations of the analyses of variance found in Tables 
42 through 45 of the Appendix. 
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The individual sample date means during 1970 did not 
show significant reductions due to insecticide application 
(Table 18) . This situation was probably aided by the 2.40 
inches of rainfall recorded within 3 days after first 
insecticide application ^ August 2, and the 0.40 inch of 
rainfall recorded within 4 days after the second applica­
tion., August 14 (Fig. 13). This, rainfall probably reduced 
the araount of toxicant on the plants significantly. 
In the 1971 individual sampling date comparisons the 
untreated plot adult mean numbers on some dates were 
significantly higher than those of several treated plots 
(Table IS) . The 2nd- and 5th-day sample after first 
insecticide application showed these differences. On the 
2nd~date sample after treatment only the diazinon spray 
formulation significantly reduced the adult population. 
However, on the 5th-day all treatments lowered the adult 
population significantly.- The second insecticide application 
resulted in significant reductions of adults on the 5th- and 
8th-day samples. In these sample mean comparisons EPN as a 
spray for both the 5th- and 8th-day samples and carbofuran 
spray and DDT granular formulations for the Sth-day sample 
significantly decreased the adult population. From this 
information it appears that most of the chemicals tested 
showed some form of toxicity to coccinellid adults with the 
carbofuran and EPN spray formulations being the most to%ic. 
Table 18. Mean number of coccinellid adults found on late planted corn after one and 
two applications of insecticide in granular and spray formulations. 
Ankeny, Iowa, 1970& 
Lb Mean number/plant. 8 plants sampled^  
Al/a/ Days after first application Days after second application 
Material Application 4 10 6 12 
Carbofuran G 0.5 0.62 0.50 0.37 0.62a 
S .5 .12 .37 .37 .37a 
Diazinon G 1.0 .50 .37 .50 .12a 
S 1.0 .12 .62 .37 .25a 
EPN G .5 .37 .25 .12 .62a 
S .5 .87 .87 .87 1.75b 
DDT G 1.0 .87 .37 .37 .50a 
S 1.0 0 .12 .12 1.OOab 
Untreated .12 .12 .12 .62a 
F^irst application August 2; second application August 14. 
^Means followed by the same letter or with no letter are not significantly 
different at the 5 percent level of probability. 
Table 19. Mean number of coccinellid adults found on late planted corn after one and 
two applications of insecticide in granular and spray formulations, 
Ankeny, Iowa, 1971& 
Lb Mean number/plant, 8 plants sampled^  
Al/a/ Days after first application Days after second application 
Material Application 2 5 8 10 2 5 8 11 
Carbofuran G 0.5 1.00c 0.25a 0.37 0.50ab 0.37 0.50ab 0 . 50ab 0.37 
S .5 0.25ab .12a .12 0 a 0 . 12a .37ab .12 
Diazinon 6 1.0 . 12ab .50a .37 .12ab .25 .37ab . 25ab .12 
S 1.0 0 a .62a .50 .75b .25 .25ab .25ab .50 
EPN G .5 . 12ab . 50a .25 .62ab .25 .50ab .37ab .12 
S .5 .12ab .37a .12 .25ab 0 .12a .12a .12 
DDT G 1.0 .12ab .50a .12 0 a .24 0 a .50ab .25 
S 1.0 .62abc .24a .12 . 24ab .24 .37ab .24ab .12 
Untreated .75bc 1.25b .25 .12ab .25 .87b .87b 0 
F^irst application July 26; second application August 9. 
^Means followed by the same letter or with no letter are not significantly 
different at the 5 percent level of probability. 
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Larvae The comparison of the mean number of larvae 
in treated and untreated plots for the combined individual 
sampling dates for 1970 and 1971 showed no significant 
differences (Table 17). This situation was brought about 
by low overall infestations and/or toxicant removal by 
rainfall (Figs. 13 and 14). 
In the individual sampling date mean comparisons in 
19 70 low population levels on most dates made comparison 
virtually impossible as data shown in Table 20 will verify. 
In this table, however, the first sampling date after the 
first application did reveal that two insecticide formula­
tions resulted in significant reduction of the larvae. 
These two insecticides were,diazinon as a spray formulation 
and EPN as a granular formulation. On this date these 
chemicals completely eliminated the coccinellid larval 
population. After this first sampling date no significant 
reductions were noted. 
Individual comparisons in 19 71 revealed no significant 
reductions of larvae (Table 21). This lack of significance 
could have been partially due to removal of the toxicant 
from the corn plant by 0.70 inch rainfall within a week 
after the first application, July 26 (Fig. 14) . Although 
there were no significant reductions after the second 
insecticide application, numerically the carbofuran and 
diazinon spray formulations reduced the population means 
when compared to the untreated population means. 
Table 20. Mean number of coccinellid larvae found on late planted corn after one and 
two applications of insecticide in granular and spray formulations. 
Ankeny, Iowa, 1970& 
Lb Mean number/plant, 8 plants sampled 
Al/a/ Days after first application Days after second application 
Material Application 4 10 6 12 
Carbofuran G 0.5 0.12ab 0.12 0 0 
S .5 . 12ab .12 0 .24 
Diazinon G 1.0 .25ab .12 0 0 
S 1.0 0 a 0 0 0 
EPN G .5 0 a .12 0 0 
S .5 .25ab 0 0 0 
DDT G 1.0 .25ab 0 0 0 
S 1.0 .36b 0 0 0 
Untreated .37b .25 0 .12 
F^irst application August 2; second application August 14. 
^Means followed by the same letter or with no letter are not significantly 
different at the 5 percent level of probability. 
Table 21. Mean number of coccinellid larvae found on late planted corn after one and 
two applications of insecticide in granular and spray formulations. 
Ankeny, Iowa, 1971& 
Lb Mean number/plant, 8 plants sampled 
Al/a/ Days after first application Days after second application 
Material Application 2 5 8 10 2 5 8 11 
Carbofuran G 0.5 0.63 2.63c 0.13 0.13 0.13 0.38 0 0.63 
S .5 0 0.87ab .12 0 .12 .12 0 .12 
Diazinon G 1.0 .63 0 a .13 .13 .25 .88 .13 .38 
S 1.0 0 l.SObc .50 . 25 0 .12 .12 .12 
EPN G .5 0 1.37b .62 0 .62 0 0 .25 
S .5 .13 .25ab .25 0 .63 .38 .25 1.00 
DDT G 1.0 0 0 a .25 .25 .63 .13 .25 0 
S 1.0 .88 . 88ab 0 .38 .63 .63 .75 0 
Untreated 0 l.OOab 1.12 .87 .37 .37 .37 .12 
F^irst application July 26; second application August 9. 
^Means followed by the same letter or with no letter are not significantly 
different at the 5 percent level of probability. 
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Other Predators 
The other potential corn borer predators found in this 
study were the following: Chrysopa spp. including the species 
carnca and oculata; Nabis spp. including the species 
roseipennis/ alternatus and ferus; Glischrochilus 
quadrisignatus; and spiders including the families 
Tetragnathidae, Oonopidae and Salticidae. Although these 
were found in low numbers during this study, except for G. 
quadrisignatus, the author felt evaluation was necessary to 
furnish a total overview of the insecticide effects on the 
arthropod predator populations. 
In the evaluations of the effects of the insecticides 
on Chrysopa spp. only 0 to 0.14 mean number of adults and 
larvae per plant per planting time was recorded (Tables 22 
and 23). These low mean values made it virtually 
impossible to show even numerical trends as to insecticide 
effects. The Nabis spp. results, as shown in Tables 24 and 
25, ware basically the same as those reported for the 
Chrysopa spp. No significant mean differences or trends 
were evident for either year or time of planting. 
Although G. quadrisignatus was present in higher numbers 
only one treatment, diazinon as a granular formulation, 
resulted in a significant beetle reduction (Table 26). This -
treatment had a mean value of 0.35 beetle per plant while the 
untreated plots had 0,89 beetle per plant in the combined 
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Table 22. Effect of insecticides applied as granular and 
spray formulations on Chrvsopa spp. on early 
planted corn. Ankeny, lowa^ 
Material 
Lb 
Al/a/ 
Application 
Me an nur^ iber /plant ' 
1970, 112 samples 1971, 120 ScUiiple: 
Adults Larvae Adults Larvae 
Carbofuran G 0.5 0.02 0.05 o
 
o
 
00
 
0.08 
S .5 .05 .06 .07 .08 
Diazinon G 1.0 .03 .11 .03 .09 
S 1.0 .04 .14 .04 .03 
E?N G .5 .09 .07 .05 
o
 
H
 
S .5 .04 .10 .10 .05 
DDT G 1.0 .03 .05 ,03 .08 
S 1.0 .05 .07 .03 .09 
Untreated .06 .07 .08 .11 • 
'^Sair.pled June 22 to August 26, 1970; June 22 to 
August 14, 1971. 
M^eans not significantly different at the 5 percent 
level of probability. 
Q Suinrp.ations of the analyses of variance found in 
Tables 46 through 49 of the Appendix. 
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Table 23. Effect of insecticides applied as granular and 
spray formulations on Chrysopa spp, on late 
planted corn. Ankeny, lowa^ — 
b c Lb Mean number/plant ' 
AI/ a/ 19 70, 32 samples 19 71, 64 samoles 
Material Application Adults Larvae Adults Larvae 
Carbofuran G 0.5 0 0.03 
tn o
 
o
 0 
S .5 .03 .06 . 0 6  .05 
Diazinon G 1.0 .00 .03 .05 0 
S 1.0 .03 .06 .05 .03 
EPN G .5 0 .09 .08 .06 
S .5 .03 .06 .03 .03 
DDT G 1.0 0 .03 .03 .11 
S 1.0 .03 .06 .02 .03 
Untreated .06 0 .06 .08 
S^ampled July 23 to August 26, 1970; July 19 to August 
20, 1971. 
•^ Means not significantly different at the 5 percent 
level of probability. 
^Summations of the analyses of variance found in Tables 
50 through 53 of the Appendix. 
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Table 24. Effect of insecticides applied as granular and 
spray formulations on Nabis spp. on early planted 
corn. Ankeny, Iowa& 
Material 
Lb 
Al/a/ 
Application 
Mean nijurtbez •/plant ' 
19 70 . 112 samples 13 71, 120 samples 
Adults & Nymphs Adults & Nymphs 
Carbofuran G 0.5 0.05 0.03 
S .5 .02 .03 
Diazinon G 1.0 .05 .04 
S 1.0 .04 .03 
EPN G .5 .05 .02 
S .5 .01 .04 
DDT G 1.0 .03 .03 
S 1.0 . .03 • .03 
Untreated .04 .03 
S^ampled June 22 to August 26/ 1970; June 22 -co 
August 14 ; 1971. 
% 
""'Means not significantly different at the 5 percent 
level of probability. 
'^SuniKations of the analyses of variance found in Tables 
54 through 55 of the Appendix. 
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Table 25. Effect of insecticides applied as granular and 
spray formulations on Nabis spp. on late planted 
com. Ankeny , lovra^ 
Lb Mean number/plant^  
Al/a/ 1970, 32 samples 19 71r  64 samples 
Material Application Adults & H\n%phs Adults & Nymphs 
Carbofuran G 0.5 0.03 0.02 
S .5 0 .02 
Diazinon G 1.0 0 .02 
S 1.0 .03 .05 
EPN G .5 .13 .02 
S .5 .06 .07 
DDT, G 1.0 .03 .05 
S 1.0 .06 0 
Untreated .03 .03 
S^ampled July 23 to August 26, 1970; July 19 to 
August 20, 1971. 
H^eans not significantly different at the 5 percent 
level of probability. 
'^Suinir.ations of the analyses of variance found in Tables 
55 through 57 of the Appendix. 
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Table 26. Effect of insecticides applied as granular and 
spray formulations on quadrisignatus on early 
planted corn. Ankeny, lowa^ 
Id c Lb Mean number/plant ' 
Al/a/ 1970, 112 samples 19 71, 120 samples 
Material Application Adults Adults 
Carbofuran G 0.5 0.79bc 1.18 
S .5 1.04c 1.20 
Diazinon G 
• o
 
H
 .36a 1.45 
S 
O
 
H
 .89bc 1.78 
EPN G .5 1.03c 1.43 
S .5 l.BOd 1.95 
DDT G 1.0 .65b 1.03 
S H
 
O
 
. 85bc 1.62 
Untreated .89bc 1.92 
S^ampled June 22 to August 26, 19 70; June 22 to 
August 14, 1971. 
M^eans followed by the same letter or with no letter are 
not significantly different at the 5 percent level of 
probability. 
"^SuBnnations of the analyses of variance found in Tables 
58 through 59 of the Appendix. 
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sampling period results in early planted corn in 19 70. The 
other combined sampling periods and individual sampling dates 
did not show significant differences in 19 70 and 1971 (Tables 
26 and 27) . The spiders, although in fairly high numbers, 
were not significantly reduced by the treatments as shovm in 
Tables 2 8 and 29. These arthropods probably escaped the 
contact of the treatments, were not affected by the treatments 
or may have migrated in from surrounding untreated rows of 
com. 
Ill 
Table 27. Effect of insecticides applied as granular and 
spray formulations on cuadrisignatus on late 
planted corn. Jvnkeny, lowa^ 
ID C Lb Mean number/plant ' 
Al/a/ 19 70, 32 samples 19 71, 64 samples 
Material Application Adults Adults 
Carbofuran G 0.5 0 0.45 
S .5 .09 .25 
Diazinon G 
o
 
H
 .06 .43 
S 1.0 .03 .73 
SPN G .5 -03 .42 
S .5 .15 .43 
DDT G 1.0 .03 • .28 
S 1.0 .06 .36 
Untreated .22 .58 
S^ampled July 23 to August 26,- 19 70; July 19 to 
August 20, 1971. 
M^eans not significantly different at the 5 percent level 
of proboi>ility. 
^Simulations of the analyses of variance found in Tables 
60 through 61 of the Appendix. 
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Table 28. Effect of insecticides applied as granular and 
spray formulations on spiders on early planted 
corn. Ankeny^ lowa^ 
 ^c Lb Mesn n^ b^er/plant ' 
Al/a/ 1970, 112 samples 1971, 120 samples 
Material Application Mizced Mixed 
Carbofuran G 0.5 0.15 0.23 
S .5 .20 .23 
Diazinon G 1.0 ,19 .21 
S 1.0 .35 .17 
EPN G .5 .30 .24 
S .5 .17 .20 
DDT G 1.0 .18 .21 
S 1.0 .31 .21 
Untreated .30 .27 
S^ampled June 22 to August 26, 19 70; June 22 to 
Angust 14, 1971. 
M^sans not significantly different at the 5 percent level 
of probability. 
^Suiî"aaations of the analyses of variance found in Tables 
62 through 63 of the Appendix. 
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Tabla 29. Effect of insecticides applied as granular and 
spray formulations on spiders on late planted 
corn. Ankeny/ lowa^ 
Material 
Lb 
Al/a/ 
Application 
Mean nurabo r/plent ' 
19 70/ 32 scur.ples 19 71/ 64 s amples 
Mixed Mizced 
Carbofuran G 0.5 0.19 
H
 
O
 
S .5 .19 .33 
Diazinon G 1.0 .31 .16 
S 1.0 .09 -19 
EPN G .5 .59 ,17 
S .5 .28 .19 
DDT G 1.0 .12 .26 
S 1.0 .47 .17 
Untreated .19 .22 
S^ampled July 23 to August 26/ 19 70; July 19 to 
August 20, 19 71. 
i^-laans not significantly different at the 5 percent 
level of probability. 
^SuXiTiiaations of the analyses of variance found in Tables 
S 4 through 65 of the Appendi:^. 
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SUMMTiRY 2\ND CONCLUSIONS 
The objective of this study was to determine V7hat 
effects granular and spray formulations of insecticides had 
on potential corn borer arthropod predators found in Central 
Iowa. To execute this objective the predators were collected, 
separated, identified and tabulated. 
The following conclusions may be dravrn from the analyses 
of data in this study: 
1. The treated area in this study may have been too 
small to obtain a realistic long range comparison of the 
effects of individual insecticides on highly mobile predators 
such as Orius insidiosus and coccinellid adults. 
2. Rainfall soon after application of the insecticide 
may have resulted in removal of the insecticide from direct 
contact with most predators. This, however, was not true for 
0. insidiosus nymphs and adults which inhabit many areas on 
the corn plant where these toxicants are trapped. 
3. Over tlie entire sampling period no insecticides 
significantly reduced 0_^  insidiosus adult populations on 
early or late planted corn. %en a comparison of individual 
sampling dates was made on early planted corn only DDT and 
EPN in both formulations and carbofuran and diazinon as 
spray formulations were numerically more toxic to the 
adults. In late planted corn individual sample date studies, 
only diazinon in both formulations and DDT as a spray 
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formulation significantly reduced the 0_^ insidiosus adults. 
4. The data from the early planted corn studies showed 
that insidiosus n^Ttiphs were significantly reduced over the 
entire sampling period by all granular insecticide formula­
tions. Of these, diazinon was numerically the most toxic to 
the nymphs. In the late planted corn studies, all four 
spray formulations along with diazinon as a granular 
formulation were numerically the most deleterious to the 
nymphs. This difference in effects of formulations was a 
result of the location of the 0_^ insidiosus nymphs at the 
time of insecticide application. The nymphs during the 
early planted corn studies were deep in the whorl while the 
nymphs in the late planted corn studies wore exposed on 
corn leaves and silks. 
5. The coxiibined coccinellid adult study results showed 
that only carbofuran as a spray formulation on late planted 
corn in 19 71 significantly reduced this insect. Numer­
ically, however, all insecticides with the exception of 
a granular formulation of carbofuran substantially lowered 
the overall mean population in one or more of the studies. 
Some individual sampling dates were impossible to evaluate 
due to the low population levels. However, it v/as apparent 
from the individual sampling date means that the spray 
formulations of carbofuran, diazinon and DDT along with the 
DDT and EPN granular formulations were the most consistent 
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insecticides in reducing coccinellid adult populations. 
6. Overall, coccinellid larval populations on early 
planted com in 1970 showed some significant reductions due 
to spray formulations of carbofuran, diazinon and EPN along 
with a granular formulation of diazinon. None of the other 
combined sampling date means, however, showed significant 
reductions - This lack of overall effect by any insecticide 
was probably the result of low population levels and/or 
rainfall. 
7. Excluding Glischrochilus quadrisignatus, the other 
predators found in this study were not affected by these 
insecticides or were in such low numbers that no 
substantial conclusions could be made. Glischrochilus 
quadrisignatus was present in substantial numbers but was 
only significantly reduced by diazinon in granular 
formulations on early planted com in 1970. 
From the observations made and results obtained in this 
study the author feels that one major alteration should be 
made if this study were repeated. The total treated area for 
each formulation should be increased to help eliminate the 
influx of predators from . nontreâted areas. 
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Table 30. Analysis of variance of numbers of 0^ insidiosus 
adults on treated and untreated early planted com. 
Ankeny, Iowa, 1970 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F-value^ 
Treatments 8 242.240 30.280 3.70** 
Error ( Interaction, 
block X treatments) 27 220.964 8.184 
Dates 13 3590.274 275.175 41.34** 
Treatment x Date 104 905.155 8.703 1.30* 
Residual (Error) 855 5711.286 6.680 
Total 1007 10669.919 
^** = significant at the 1 percent level of probability. 
* = significant at the 5 percent level of probability. 
Table 31. Analysis of variance of numbers of 0^ insidiosus 
adults on treated and untreated early planted corn. 
Ankeny, Iowa, 1971 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square P-value^ 
Treatments 8 1127.319 140.915 12.37** 
Error (Interaction, 
block X treatments) 27 307.700 11.396 
Dates 14 3040.235 217.160 28.38** 
Treatment x Date 112 1716.398 15.325 2.00** 
Residual (Error) 918 7024.300 7.65% 
Total 1079 13215.952 
= significant at the 1 percent level of probability. 
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Table 32. Analysis of variance of numbers of 0_^ insidiosus 
nymphs on treated and untreated early planted corn. 
Ankeny, Iowa, 19 70 
Source of 
variation 
Degrees of 
freedom 
Sum 
sguar 
of 
res 
Mean 
squares F-value' 
Treatments 8 168. 735 21.098 6.09** 
Error (Interaction, 
block X treac^ents) 27 93. 500 3.463 
Dates 13 2895. 885 222.760 57.41** 
Treatment x Date 104 918. 688 8. 834 2.28** 
Residual (Error) 855 3317. 000 3.880 
Total 1007 7393. 857 
= significcint at the 1 percent level of probability. 
Table 33. Analysis of variance of n'oiiibers of 0^ insidiosus 
nymphs on treated and uncreated early planted corn. 
Ankeny, Iowa- 19 71 
Source of 
variation 
Degrees of 
freedom 
Sam of 
squares 
Mean 
square ?-value^ 
Treatments 8 258-667 32.333 9 .29** 
Error (Interaction, 
block X treabnents) 27 93.992 3.481 
Dates 14 2482.324 177.309 61 . 89** 
Treatment x Date 112' 711.576 6.353 2 .22** 
Residual (Error) 918 2630.133 2.865 
Total 1079 6176.692 
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Table 34. Analysis of variance of numbers of 0_^ insidiosus 
adults on treated and untreated late planted corn. 
Ankeny, X owa, 19 70 
Source of 
variation 
Degrees of 
freedora 
Sum of 
squares 
Mean 
squares F-value' 
Treatments 8 347.025 43-378 3.14* 
Error (Interaction, 
block X treatments) 27 373.250 13.824 
Dates 3 644.972 214.991 18.05** 
Treatment x Date 24 562.278 23.428 1.97** 
Residual (Error) 225 2681.750 11.919 
Total 287 4609.275 
= significant at the 1 percent level of probability. 
* = significant at the 5 percent level of probability. 
Table 35. Analysis of variance of numbers of 0_^ insidiosus 
adults on treated and untreated late planted corn. 
Ankeny, Iowa, 19 71 
Source of Degrees of Sum of Mean 
variation freedom. squares square F-value 
Treatments 8 7067. 466 883 .433 11.39** 
Error (Interaction, . 
block X treatments) 27 2095. 078 77 .596 
Dates 7 6188. 526 
CO CO 
.075 26.72** 
Treatment x Date 56 3717. 515 66 .386 2.01** 
Residual (Error) 477 15782, 047 33 .086 
Total 575 34350. 732 
•"xi- = significant at the 1 percent level of prob abili ty. 
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Table 36- Analysis of variance of numbers of 0. insidiosus 
nymphs on treated and untreated early planted corn. 
Ankeny, Iowa, 1970 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F-value' 
Treatments 8 92.919 11.615 7.89** 
Error (Interaction, 
block X treatments) 27 39 .781 1.473 
Dates 3 92.316 30.772 16.58** 
Treatment x Date 24 72.465 3.019 1.63** 
Residual (Error) 225 417.594 1.856 
To tal 287 715.075 
= significant at the 1 percent level of probability. 
Table 37. Analysis of variance of numbers of 0^ insidiosxis 
nymphs on treated and untreated late planted corn. 
Ankeny, Iowa, 1971 
Source of Degrees of Sum of Mean ^ 
variation freedom squares square F-value 
Treatments 8 589.070 73 .634 15.07** 
Error (Interaction, 
Block X treatments) 27 131.938 4 .887 
Dates 7 686.132 98 .019 25.14** 
Treatment x Date 56 412.30 6 7 .363 1.89** 
Residual (Error) 477 1859,562 3 .899 
Total 575 3679.008 
- significant at the 1 percent level of prob ability. 
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Table 38. ?vnalysis of variance of nioiobers of coccinellid 
adults on treated and untreated early planted corn. 
Juikeny. Ic/za, 19 70 
Source of Degrees of Sum of Mean 
variation freedom squares square ?-value^ 
Treatments 8 6,383 0.798 1.59 ns 
Error (Interaction, 
block X treatments) 27 13.527 0 .501 
Dates 13 46,739 3 .595 9.46** 
Treatment x Date 104 33.056 0 .318 0.84 ns 
Residual (Error) 855 324.59 8 0 .380 
Total 1007 424,30 3 
nonsignificant at the 5 percent level of probability, 
significant at the 1 percent level of probability. 
Table 39. Analysis of variance of numbers of coccinellid 
adults on treated and untreated early planted corn. 
Ankeny, lov/a, 19 71 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F-value^ 
Treatments 8 6.246 0,781 2.12 ns 
Error (Interaction, 
block X treatments) 27 9.942 0-368 
Dates 14 12.274 0.877 2.90** 
Treatment x Date 112 41.842 0,374 1.24 ns 
Residual (Error) 918 277.183 0.302 
Total 1079 347.487 
^ns =- nonsignificant at the 5 percent levai of probability. 
_ significant at the 1 percent level of probability. 
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Table 40. Analysis of variance of nvjnbers of coccinellid lar^/ae 
on treated and untreated early planted corn. 
Ankeny, Iowa, 19 70 
Source of Degrees of Sum of Mean 
variation freedom squares square F-value' 
Treatments 8 32.722 4.090 2.72* 
Error (Interaction, 
block X treatments) 27 40.598 1.504 
Dates 13 249.930 19.225 13.59** 
Treatment x Date 104 234.972 2.259 1.60** 
Residual (Error) 855 1209.777 1.415 
Total 1007 1767.999 
= significant at the 1 percent levai of probability. 
= significant at the 5 percent level of probability. 
Table 41. Analysis of variance of numbers of coccinellid 
larvae on treated and untreated early planted corn. 
Ankeny, Iowa, IS 71 
Source of 
variation 
Degrees of 
freedom 
S ura 
scrua 
of 
res 
I'ean 
square 1'-val ue^ 
Treatments 8 5 .742 0.718 1.35 ns 
Error (Interaction, 
block X treatments) 27 14 .408 0.534 
Dates 14 38 .707 2.765 6.45** 
Treatment x Date 112" SI .375 0.727 1.70** 
Residual (Error) 918 394 .217 0.429 
Total 1079 534 .450 
^ns = nons;'on if 
** - significant 
hnt cit ::he 5 
at the "1 per 
o J." o on'*- o 
cent level 
-c.l of r 
of prob 
rcbabij ity 
ability. 
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Table 42. 2\nalysis of variance of nurabers of coccinellid 
adults on treated and untreated late planted corn. 
Ankeny, Iowa, 1970 
Source of 
variation 
Degrees of Sum of 
freedom squares 
Mean 
square F-valus' 
Treatments 
Error (Interaction, 
8 17.012 2.127 2.49* 
Block X treatments) 27 23.031 0. 853 
Dates 3 3.844 1. 281 2 .11 ns 
Treatment x Date 24 12.687 0. 529 0 . 87 ns 
Residual (Error) 225 136.844 0. 608 
Total 287 193.418 
ns = nonsignificant at the 5 percent level of probability. 
* = significant at the 5 percent level of probability. 
Table 43. Analysis of variance of numbers of coccinellid 
adults on treated and untreated late planted corn. 
Ankeny, Iowa, 19 71 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F- value^ 
Treatments 8 10.034 1,254 2.44* 
Error (Interaction, 
block X treatments) 27 13.859 0.513 
Dates 7 4.859 0,694 1.94 ns 
Treatment x Daté 56 20.813 0.372 1.04 r.s 
Residual (Error) 477 170.516 0.358 
To bal 575 220.031 
= nonsignifica 
^ = significant 
r,t at the 5 percent le 
at the 5 percent level 
yel of probabili.ty. 
of probability. 
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Table 44. Analysis of variance of members of coccinellid 
lairvae on treated and untreated late planted com. 
Ankeny, Iowa, 19 70 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F-value^ 
Treatments 8 0.742 0.093 0.76 ns 
Error (Interaction, 
block X treatments) 27 3.281 0.122 
Dates 3 1.510 0.504 7.00** 
Treatment x Date 24 1.521 0.063 0.88 ns 
Residual (Error) 225 16.094 0.072 
Total 287 23.148 0.0 81 
^ns = nonsignificant at the 5 percent level of probability. 
** = significant at the 1 percent level of probability. 
Table 45. Analysis of variance of numbers of coccinellid 
larvae on treated and untreated late planted com. 
Ankeny, Iowa, 1971 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F-value^ 
Treatments 8 10.836 1.354 0.79 ns 
Error (Interaction, 
block X treatments) 27 46.594 1.726 
Dates 7 28.826 4.118 3.00** 
Treatment x Date 56 74.892 1.337 0.97 ns 
Residual (Error) 477 655.406 1.374 
Total 575 816.554 1.420 
^ns = nonsignificant at the 5 percent level of probability. 
** = significant at the 1 percent level of probability. 
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Table 45. Analysis of variance of numbers of Chrysopa spp. 
adults on treated and untreated early planted corn. 
Ankeny, Iowa, 19 70 
Source of 
variation 
Degrees of 
freedora 
Sum of 
squares 
Meant 
•square P-value^ 
Treatments 8 0.530 0.066 1.27 ns 
% r ro r ( In t c ra c t i on, 
block :< treatments) 27 1.411 0.052 
Dates 13 0,968 0.075 1.44 ns 
Treatment x Date 104 5.085 0 .049 0.9 4 ns 
Residual (Error) 855 44.089 0.052 
Total 1007 52.033 
^ns = nonsignificant at the 5 percent level of probability. 
Table 47. Analysis of variance of nujr.bers of Chrysopa spp. 
adults on treated and untreated early planted corn. 
Ankeny, Iowa, 19 71 
Soi;.rce of 
variation 
Degrees of 
freedom 
Sura of 
squares 
iïean 
square F-value^ 
Treatments 8 0-593 0.074 0 ,89 ns 
Zrror (Interaction, 
block X treatments) 27 2 . 2 5 0  0.083 
Dates 14 4.330 0 . 3 0 9  4 . 7 5 * *  
Treatment x Date 112. 8 . 0 2 0  0 . 0 7 2  1 ,11 ns 
Residual (Error) 918 5 9 . 2 5 0  0.065 
Total 1079 74-443 
%s - nonsignificant at the 5 percent level of probability, 
-= significant at che .1 forcent of probability. 
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Table 48. Analysis of variance of niimbers of Chrysopa spp. 
larvae on treated and untreated early planted corn. 
Kny.eny, Iowa, 1970 
Source of 
variation 
Degrees of 
freedom 
Sura of 
squares 
Mean 
square F-value^ 
Treatments 8 0.898 0.112 2 . 11 ns 
Error (Interaction, 
block treatments) 27 1.429 0.053 
Dates 13 2.552 0.19 6 2 .28** 
Treatment x Date 10 4 8.627 0.083 0 -97 ns 
Residual (Error) 855 73,821 0.086 
Total 1007 8 7 . 3 2 5  
^ns = nonsignificant at the 5 percent level of probability. 
** = significant at the 1 percent level of probability. 
Table 49. Analysis of variance of numbers of Chrysopa spp. 
larvae on treated and untreated early planted corn. 
Ankeny, lo-v-a^ 19 71 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F-value^ 
Treatments 8 0.553 0.069 1.00 ns 
Error (Inberaction, 
block X treatments) 27 1.867 0.069 
Dates 14 1.874 0.134 1-52 ns 
Treatment x Date 112 6.976 0.062 0.75 ns 
Residual (Error) 318 75.883 0.083 
Total 10 79 87.153 
= nonsiciiif ic; :_nb at: tiie 5 .evel of p; robabilitg 
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Table 50- Analysis of variance of numbers of Chrysopa spp. 
adults on treated and untreated late planted corn-
Ankeny, Iowa, IS70 
Source of 
variation 
Degrees of 
freedom 
S urn of 
squares 
Mean 
square F -value' 
Treatments 8 0.135 0.017 1 .13 ns 
Error (Interaction, 
block X treatments) 27 0-406 0.015 
Dates 3 0.094 0.031 1 . 32 ns 
Treatment x Date 24 0.562 0.023 I .42* 
Residual (Error) 225 3.719 0.017 
Total 287 4.916 
^ns = nonsignificant at the 5 percent level of probability, 
* = significant at the 5 percent level of probability-
Table 51. Analysis of variance of numbers of Ch.rysopa spp-
adults on treated and untreated late planted corn. 
Ankeny, Iowa, 19 71 
Source of 
variation 
Degrees of 
freedom 
Sura of 
squares 
Mean 
square y-vali 
Treatments 8 0.185 0.023 0,31 ns 
Error (Interaction, 
block.X treatments) 27 1.9 84 0 .074 
Dates 7 0.471 0.0G7 1.31 ns 
Treatment x Date 56 2.701 0.048 0.94 ns 
Residual (Error) 477 24.391 0.051 
Total 575 29.733 
"^ "ns = nonsignificant at the 5 percent level of probability. 
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Table 52. Analysis of variance of numbers of Chrysopa spp. 
larvae on treated and untreated late planted corn. 
Ankeny, lov/a, 1970 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F-value^ 
Treatments 8 0.194 0.024 0.30 ns 
Error (Interaction, 
block % treatments) 27 2.215 0.079 
Dates 3 0,131 0.060 1.36 ns 
Treatment x Date 24 0.944 0.039 0.39 ns 
Residual (Error) 225 9.875 0.044 
Total 287 13.319 
ns = nonsignificant at the 5 percent level of probability. 
Table 53. Analysis of variance of numbers of Chrysopa spp. 
larvae on treated and untreated late planted corn. 
Anheny, Iowa, 1971 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F-•value^ 
Treatments 8 0 .649 0.0 81 1. 50 ns 
Error (Interaction, 
block X treatments) 27 1.453 0.054 
Dates 7 0.623 0.089 1. 75 ns 
Treatment Date 56 3.017 0-054 1. 0 6 ns 
Residual (Error) 477 24,172 0.051 
Total 575 29.914 
ns = nonsignificant at the 5 percent level of probability. 
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Table 54. Analysis of variance of numbers of Nabis spp. on 
treated and untreated early planted corn. Ankeny, 
lovTa., 19 70 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F -value^ 
Treatments 8 0.210 0.025 0 .49 ns 
Error (Interaction, 
block X treatments) 27 1.429 0 .053 
Dates 13 0.603 0.046 1 .21 ns 
Treatment :< Date 104 4.540 0.044 1 .16 ns 
Residual (Error) 855 32.071 0 .038 
Total 1007 38.853 
"ns = nonsignificant at the 5 percent level of probability. 
able 55. Analysis of variance of numbers of Nabis spp. on 
treated and untreated early planted corn. Ankeny, 
Iowa, 19 71 
Source of 
variation 
Degrees of 
freedom 
S lira of 
squares 
Mean 
square F-value 
Treats lents 8 0 .063 0 
C
O
 o
 
o
 0 .19 ns 
Error (Interaction, 
block :< treatments) 27 1 .133 0 .042 
Dates 14 0 -430 0 .031 0 ,97 ns 
Treat? ent X Date 112 3 .937 0 .035 1 .10 ns 
Rosidu al (Error) 918 29 ,367 0 .032 
To cal 10 79 34 .930 
^ns = nonsignificant at the 5 percent level of probability 
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•Table 56. Analysis of variance of nuinbers of riabis spp. on 
treated and untreated late planted corn. Ankenyy 
Iowa, 19 70 
Source of 
variation 
Degrees of 
freedom 
SUDl of 
squares 
Mean 
square P-value^ 
Treatments 3 0.375 0.047 0.92 ns 
Error (Interaction, 
block X treatments) 27 1-375 0.051 
Dates 3 0-194 0.065 1.38 ns 
Treatment x Date 24 0.931 0.039 0.83 ns 
Residual (Error) 225 10.625 0.047 
Total 287 13.500 
^ns = nonsignificant at the 5 percent level of probability. 
Table 57. Analysis of variance of n'ombers of Nobis 
treated and untreated late planted corn. 
Iowa, 19 71 
Source of Degrees of Sura of Mean ^ 
variation freedom squares square F-value 
Treatments 8 0-294 0 .037 1. 12 ns 
Error (Interaction, 
block X treatments) 27 0, 831 0 .033 
Dates 7 0-262 0 -038 1, 36 ns 
Treatment ;< Date 56 1. 566 0 .028 1. 00 ns 
Residual (Error) 477 13, 484 0 .028 
Total 575 16-49 7 
spp. on 
ÂnJceny, 
^ns = nonsignificant at the 5 percent level of probability-
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Table 58. Analysis of variance of numbers of quadri s i gn a bus 
on treated and untreated early planted corn. 
Ankeny, Iowa, 19 70 
Source of 
variation 
Degrees or 
freedom 
Sum of 
squares 
Mean 
square F-value^ 
Treatments 8 135.023 16.878 2.50* 
Error (Interaction, 
block X treatments) 27 182.250 - 6.750 
Dates 13 1310.123 100.779 18.78** 
Treatment :< Date 104 1006.770 9.6 81 1.80** 
Residual (Error) 355 4587.750 5.366 
Total 1007 7221.916 
** = significant at the 1 percent level of probability. 
* = significant at the 5 percent level of probability. 
Table 59. Analysis of variance of numbers of G. quadrisignatus 
on treated and untreated early planted corn. 
Ankeny, Iowa, 19 71 
Source of 
variation 
Degrees of Sum of 
freedom squares 
Mean 
square F-value' 
Treatments 8 107 .391 13. 486 1 .33 ns 
Error (Interaction, 
block X treatments) 27 272 .975 10. 110 
Dates 14 1096 .935 CO
 353 10 .23** 
Treatment x Date 112' 839 .755 7. 498 9 .93 ns 
Residual (Error) 918 7034 .400 7. 663 
Total 1079 9351 .966 
^ns = nonsignificant at the 5 oerco-it level of probability. 
= significant at the - 1 percent level of probaibility. 
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Table 60. Analysis of variance of nizmbers of G_^ quadris.lgxxatus 
on treated .and untreated late planted corn. 
Ankeny, Iowa, 1970 
Source of Degrees of Sura of Mean 
variation freedom squares square F-value^ 
Treatments 8 1.273 0 .159 1 .29 ns 
Error (Interaction, 
block X treatments) 27 3.313 Q .123 
Dates 3 0.125 0 .042 0 .48 ns 
Treatment x Date 24 1.937 0 .081 0 .92 ns 
Residual (Error) 225 19.637 0 .088 
Total 287 26.335 
^ns = nonsignificant at the 5 percent level of probability. 
Table 61. Analysis of variance of numbers of quadrisignatus 
on treated and untreated late planted corn. Ankeny, 
Iowa, 19 71 
Source of Degrees of Sum of Mean ^ 
variation freedom. squares square F-value 
Treatments 8 11 .183 1. 39 8 0-57 ns 
Error (Interaction, 
block X treatments) 27 66 .172 2. 451 
Dates 7 35 .193 5. 028 2. 20* 
Treatment :< Date 56 130 ,417 2. 329 1. 02 ns 
Residual (Error) 477 1092 .953 2. 291 
Total 575 1335 .918 
= nonsignificant at tlie 5 percent level of probability. 
* = significant at the 5 percent level of probability. 
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Table 62. Analysis of variance of numbers of spiders on treated 
and untreated early planted corn. Ankeny, Iowa, 1970 
Source of Degrees of Sura of ?Iean 
variation freedom squares square F-value^ 
Treatments 8 6.365 0 .796 0. 95 ns 
Error (Interaction, 
block X treatments) 27 22.562 0 .836 
Dates 13 14.215 1 .094 1. 60 ns 
Treatment x Date 104 74.008 0 .712 1. 04 ns 
Residual (Error) 855 584.313 0 .683 
Total 1007 701.463 
^ns = nonsignificant at the 5 percent level of probability. 
Table 63. Analysis of variance of numbers of spiders on 
treated and untreated early planted corn. Ankeny, 
Iowa, 19 71 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F-value^ 
Treatments 8 0.728 0.091 0.33 ns 
Error (Interaction, 
block X treatîîients) 27 7.392 0.274 
Dates 14 3.755 0.268 1.02 ns 
Treatment x Date 112 31.661 0.283 1-08 ns 
Residual (Error) 918 241.483 0.263 
Total 10 79 285.019 
^ns = nonsignificant at the 5 percent level of probability.. 
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Table 6 4 .  Analysis of variance of nuinbers of spiders on treated 
and untreated late planted com. Ankeny, Iowa, 19 70 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square F-value^ 
Treatments 3 7.016 0.877 1.68 ns 
Error (Interaction, 
block X treatments) 27 14.125 0.523 
Dates 3 1.069 0.357 0.56 ns 
Treatment x Date 24 8, 806 0.367 0.57 ns 
Residual (Error) 225 143.875 0.639 
Total 287 174.891 
^ns = nonsignificant at the 5 percent level of probability. 
Table 65. Analysis of variance of numbers of spiders on 
treated and untreated late planted corn. Ankeny, 
Iowa, 1971 
Source of Degrees of Sum of Mean ^ 
variation freedom squares square F-value 
Treatments 8 1.715 0 .214 0 CO
 
ns 
Error (Interaction, 
block X treatments) 27 8.469 0 .314 
Dates 7 0.604 0 .0 86 0 . 32 ns 
Treatment x Date 56 12.240 0 .219 0 . 82 ns 
Residual (Error) 477 126.781 0 .266 
Total 575 149.809 
= nonsignificant at the 5 percent level of probability. 
